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I . In tro d u c t io n .
The l a r v a e  and a d u l t s  o f  t h e  c r u s t a c e a n  eu p h a u s id ,  
H eg a n v c t ip h a n es  n o r v e g i c a  (M. S ars)  were i d e n t i f i e d  by  
the  key p r o v id e d  by E i n a r s s o n  (1 9 ^ 5 )•
This i s  one of the la r g e s t  euphausids in  the northern  
hemisphere, a t ta in in g  a len g th  of over 4-0 mm. The 
pigm entation  i s  e x c lu s iv e ly  c h a r a c te r i s t ic  of t h i s  s p e c ie s ,  
the mouth reg ion  being deep red and red chromâtophores on 
the stomach and hepatopancreas showing through th e  
transparent integum ent.
The sex  of l i v i n g  animals can be determined by eye 
owing to the presence of red chromâtophores on th e  vas  
deferen s o f males. On p rese rv a tio n , however, th e  t i s s u e s  
become opag^ue and the presence in  m ales, or absence in  
fem ales , of a petasraa must be determined.
M. norvegica  i s  an A t la n t ic  b orea l s p e c ie s ,  i t s  
northern l im i t  being c o r re la ted  with the isotherm  in  
May, i t s  southern by th e  15°C isotherm  in  February 
(E inarsson , 19^5)•
B r ie f ly ,  fo r  Ruud (1936) and E inarsson (19^5) have 
d escr ib ed  i t  in  d e t a i l ,  th e  d is t r ib u t io n  of M. n orveg ica  
i s  as fo l lo w s .  I t  i s  found from the Murman coast  to  
Skagerrak and K a tteg a t , i s  p resent round the B r i t i s h  I s l e s ,
—2—
in  th e  Faroe-Shetland  Channel, Ice lan d  area, o f f  the  
ea st  and west c o a s ts  o f Greenland. I t  occurs as fa r  
south as th e  Mediterranean and, on th e  American s id e  of 
the A t la n t ic ,  i s  p resen t  in  th e  Gulf of Maine.
L i t t l e  need be sa id  about th e  importance o f  
euphausids in  th e  economy of the sea . Recent work has  
shown th e  p resen ce  of high con cen tra tio n s  of Vitamin 'A* 
in  the eyes but how t h i s  i s  syn th es ized  by the euphausids  
i s  not y e t  c le a r .
One o f  th e  main problems faced  in  studying th e  
eco logy  of euphausids i s  t o  f in d  an i s o l a t e d  p op u la tion  
which can be sampled and observed con tin u ou sly  over a 
prolonged p er io d . A few s p e c ie s  in h a b it  c o a s ta l  w aters  
but, being p la n k to n ic , are su b ject to  th e  c o a s ta l  cu rren ts .  
M. n orveg ica  l i v e s  on the * slope* throughout th e  w inter but 
moves to  shallower water to  spawn; t h i s  again r a i s e s  
sampling problems. The oceanic s p e c ie s  p resen t even  
grea ter  d i f f i c u l t i e s .
The Clyde sea  area has deep trough s, up to  200 m ., 
which are behind an e x te n s iv e  submarine p la te a u .
M. n orveg ica  are re s id en t  in  th e se  troughs a l l  th e  year 
and are prevented from moving out o f  them by the shallow ness  
of the water over th e  p la tea u . I t  was th e r e fo r e  p o s s ib le
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to make continuous ob servation s  on the same p o p u la tio n .
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I I I .  The Anatomy and H isto lo gy  o f Meganyctlphaaes  
norvegica  (M. S a r s ) .
The most important con tr ib u tion  to  the anatomy and 
h is to lo g y  of Heganvctiphanes n orveg ica  was made by 
Eaab (1915) « This paper seems to have been overlooked  
ty  the m ajority  of la t e r  workers. Most o f  h i s  f in d in g s  
have been confirmed, t h i s  report being la r g e ly  concerned  
with what he om itted, Raab's work being on ly  r e fe r r e d  to  
where t h i s  i s  necessary  to  ensure c o n t in u ity .
Other authors have made va lu ab le  c o n tr ib u t io n s .
An account of th e  stru ctu re  of th e  su p e r p o s it io n  ey es ,  
the bra in , and the in cre to ry  organs can be found by 
re feren ce  to  Hanstrttm (19^8), where a summary of the  
re lev a n t l i t e r a t u r e  i s  g iven . V a l ie n t in  and Cunningham ( I 888) 
gave e x c e l le n t  diagrams of the photophores and an accurate  
account o f  th e ir  s tru ctu re; f ig u r e s  o f  the th o ra c ic  and 
abdominal organs are a v a ila b le  in  Hardy (1 9 5 6 ).
The abdominal muscular system has been s tu d ied  by 
Daniel (1927) but the th oracic  m usculature, as fa r  as can  
be determined, has not been in v e s t ig a te d .
Mttbods: th ese  w i l l  be described more f u l l y  under th e
appropriate headings. S e c t io n s  of specimens f ix e d  in  
7/0 form alin  in  sea water, were cut in  tr a n sv e r se ,  s a g i t t a l .
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and h o r iz o n ta l  p lan es. Other f i x a t i v e s  were t r i e d  but 
a number of them caused the ov id uca l glands in  mature 
fem ales to  sw e ll  to such an extent th a t  th e  carapace was 
ruptured. The se c t io n s  were s ta in ed  in  a v a r ie t y  of 
ways, M allory ’ s t r i p l e  s ta in in g  technique being  th e  most 
u s e fu l .
Specimens were d isse c te d  e i th e r  fr e sh  or a f te r  
f i x a t i o n  in  form alin  or Bouin. When fresh  m a te r ia l ,  
k i l l e d  immediately before u se ,  was used i t  was found 
almost im p ossib le  to  carry out d e l i c a t e  d i s s e c t io n s  owing 
to th e  op acity  of th e  t i s s u e s .  This o p a c ity  could  be 
p a r t ly  prevented  by d is s e c t in g  th e  specimens under g ly c e r in e .
To in v e s t ig a te  the c ir c u la to r y  system, a d i lu t e  
s o lu t io n  o f  carbon black VS p a s te  was in je c t e d  in to  th e  
b eatin g  heart of a l iv in g  specimen. As soon as the blood  
v e s s e l s  were f u l l  of carbon, the specimen was plunged in to  
7% form alin  to  arrest  the h eart beat and then im m ediately  
tr a n s fe rre d  to  g ly c e r in e . The animals were p e r f e c t l y  
preserved  fo r  at l e a s t  f i v e  months and th e  t i s s u e s  remained  
transparent enough to  observe th e  blood v e s s e l s .
I n t e s t in a l  T ract.
The oesophagus and stomach of th e  fo l lo w in g  euphausids  
have been described: Steilo_cheiron spn. were examined by
- 6-
m
a
'ig. 1 '• Transverse s e c t io n s  of the h ind-gut o f Meganyctiphanes 
r .over ica . A, B, C, and D are of the ’ in te s t in e *  , E o f the
' rectum*. c ,  cuticulum; c t ,  con n ective  t i s s u e  layer; e,
i n t e s t i n a l  ep ith elium ; m, c ir c u la r  muscle band; n, nucleu s;  
tp , tu n ica  propria; v, vacuole; w, 3 - la y ereë X'/all of * rectum*
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Chun ( 1896) ,  Nvctinhanes co u ch ii  by G e ld er  d (1909) and 
Euphausia superba by Zimmer (1913). Raab, th e r e fo r e ,  
om its a d e sc r ip t io n  o f  the c h i t in ous framework p resen t  
in  the stomach o f  M. n orveg ica . The p rese n t  author has  
compared h i s  f in d in g s  with those of the above authors  
and, as they  are a l l  almost id e n t i c a l ,  no fu rth er  
d e sc r ip t io n  i s  n ecessary .
The m id-gut, which fo l lo w s  th e  pars card iaca  re g io n  
o f  th e  stomach, i s  described  by Raab who s t a t e s  that th e  
outer la y er  of con n ective  t i s s u e  i s  hard to  see  but t h i s  
d i f f i c u l t y  has not been found. What did p resen t d i f f i c u l t y  
was th e  f in d in g  of the “c le a r ly  d efined  border of columnar 
cells'*  p resen t in  th e  fr e e  surface of th e  gut ep ith e liu m  
but i t s  presence was ev e n tu a lly  confirmed. In to  th e  
raid-gut open, v e n t r a l ly ,  the two hepatopancrea t i c  c a v i t i e s  
and, d o r s a l ly ,  the two a n te r io r ly  p r o je c t in g  i n t e s t i n a l  
caecae . This reg ion  of the i n t e s t i n e  i s  very  sh o r t  and 
a gradual t r a n s i t io n  to  th e  h ind -gu t tak es  p la c e .
I t  appears from Raab* s f ig u r e  and d e s c r ip t io n  o f  th e  
h in d -g u t th a t  i t s  s tru ctu re  i s  uniform throughout, except  
fo r  th e  short * rectum*. But in  the p art o f  th e  h in d -gu t  
( f i g .  1 B) which extends from the ju n ct io n  o f  th e  thorax  
and abdomen to  the p o s te r io r  end o f  th e  fourth  abdominal 
segment, the diameter i s  grea ter  than in  the p rev iou s
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part ( f i g .  1 A) and the e p i t h e l i a l  c e l l s  become lower 
( f i g .  1 B ) . The tu n ica  p rop ria  i s  no lon ger  c r in k le d  
but i s  o f te n  p ressed  a g a in st  and in d is t in g u is h a b le  from 
the band o f  c ir c u la r  m uscle. Throughout the a n ter io r  
h a l f  o f th e  f i f t h  abdominal segment th e  ep ith e liu m  i s  
o f a high columnar nature ( f i g .  1 C) and th e  w idth o f  
the gut d im in ish es . The ep ith e liu m , on f i x a t i o n ,  tends  
to  shrink inwards from the tu n ic a  p rop ria  th u s le a v in g  
th e  gap seen in  th e  f ig u r e ;  t h i s  same problem of  
shrinkage was found by Gelderd and Chun. The tu n ic a  
p rop ria  i s  again cr in k led  and th e  band o f c ir c u la r  muscle  
and co n n ect iv e  t i s s u e  are again w e l l  d e f in e d .
The next reg io n  ( f i g .  1 D ), which co n tin u es  to  th e  
short * rectum*, i s  ch a ra c ter ised  by an in c r e a s e  in  th e  
diameter of th e  gut and a à ig h t  f l a t t e n in g  o f the  
e p i t h e l i a l  c e l l s .  Here shrinkage i s  most pronounced. 
Some of the n u c le i  are more d en se ly  s ta in in g  than th e  
r e s t  but no fu r th er  d i f fe r e n c e s  between any o f  th e  c e l l s  
could  be seen . The tu n ica  prop ria  i s  s t i l l  s l i g h t l y  
c r in k le d  and the other two la y e r s  w e l l  d e f in ed .
At th e  p osteÉ ior  end o f th e  f i f t h  abdominal segment 
the gut broadens and th e  w a lls  have four m u l t ic e l lu la r  
lo n g itu d in a l  r id g e s  ( f i g .  1 E ). V acuoles occur c h i e f l y
m m ^ m m
i
F ig . 2. T ransverse s e c t io n  of the i n t e s t i n a l  caecum of
M. norvc:cica showing a d iv id in g  n u c leu s , n.
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around the fr e e  edges o f th ese  r id g e s .  The n u c le i  are  
sm all and s ta in  darkly u n lik e  the cytoplasm which, 
though t h in ly  granular, s ta in s  l i g h t l y .  The anus opens 
on the v e n tr a l  s id e  o f  the caudal p la te*
The above changes in  the gut w a ll  always take p la c e  
by a gradual t r a n s i t io n  from one form t o  th e  n ex t .
Throughout the h ind-gut the c h it in o u s  covering i s  
so th in  that i t  can only be d is t in g u ish e d  where i t  has  
broken f r e e ,  but in  the * rectum* i t  i s  th ic k  and can be 
e a s i ly  seen when the s e c t io n s  are s ta in ed  w ith  c h lo r a z o l  
b lack  or M allory.
A conglom eration of strands having, under the high  
power o f the microscope, the appearance o f cottonw ool  
binds the c o n s t itu e n t  p a r t i c l e s  o f  th e  fa e c a l  p e l l e t s .  
Prelim inary t e s t s  suggest th a t  th e se  strands are  
ch itinous#
D iv e r t ic u la  of the Gut.
Nothing can be added to  Raab*s d e s c r ip t io n  of the  
hep atopancreas.
He om itted  a d e ta i le d  d e sc r ip t io n  o f  the h i s t o lo g y  
of th e  d orsa l i n t e s t i n a l  caeca. They are s i tu a te d  above 
th e  pars card iaca  reg ion  of the stomach and p o in t a n te r io r ly .
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The ep ith elium  c o n s i s t s  o f h igh  columnar c e l l s  w ith  very  
la rg e  n u c le i ,  having a chromatin network. D iv is io n  of  
th ese  c e l l s  occurs as shown i  n f i g .  2 w h ile  numerous sm all 
vacu o les  are p resen t in  th e  cytoplasm . No border of 
columnar e p i t h e l i a l  c e l l s  could be found in  th e  d i s t a l  
reg io n s  of th e s e  organs but in  the proxim al p a r t ,  lead in g  
in to  the i n t e s t i n e ,  the borders are s t r ia t e d .  A lay er  o f  
c ir c u la r  muscle bounds th e  caeca.
The Nervous System.
Raab examined the gen era l c o n s tr u c t io n  o f  th e  nervous  
system of Meg any ctip h anes and h i s  f in d in g s  have been  
confirmed.
A h i s t o l o g i c a l  account of the b ra in  and i t s  endocrine  
organs can be found in  Hanstrdm 1928, 1933, 1 9 ^  and 
Carstarn 19^2.
R eproductive System.
Very l i t t l e  work has been done on th e  rep rod u ctiv e  
systems o f euphausids. The on ly  recen t paper on th e  su b jec t  
i s  by Bargmann (1 9 3 7 ). She d e sc r ib e s  th e  anatomy, 
h is to lo g y  and development o f  both th e  male and fem ale system
—12—
F ig . 3* Diagram of the male reprodu ctive  system  of II. n o rv eg ica . 
The l e f t  hand s id e  i s  diagrammatic and shows the regions a -a ,  
a- b, b -c ,  c -d , d - e ,  where the various p arts  of the spermato- 
phore are formed.
ed, spermatophore in  e ja cu la to ry  duct; ega, ex tern a l g e n i t a l  
aperture; I s ,  l a t e r a l  pocket; I sd , duct of l a t e r a l  pocket; 
s s ,  spermatophore being formed in the spermatophore sac; 
tv , t e s t i c u l a r  v e s i c l e ;  vd, vas d e feren s .
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of Euphausia superba. th u s advancing th e  work done by 
Zimmer (1913)*
In the p resen t in v e s t ig a t io n  the male and fem ale  
system s of M. n orvegica  were examined by v i t a l  s ta in in g  
with methylene b lu e , d is s e c t io n  and s e r i a l  s e c t io n in g .
I t  i s  p o s s ib le  t o  d is s e c t  out th e  male system and mount 
i t  in  one p ie c e ;  the female system i s  not so e a s i l y  
d ea lt  with and on ly  se c t io n in g  demonstrated th e  exac t  
course of the o v id u c ts .
Male System.
The t e s t e s  l i e  d o r sa l ly  aga in st th e  p o s te r io r  h a l f  
of th e  hep atopancreas and are composed o f  12 t o  la­
t e s t  ic u la r  v e s i c l e s ,  arranged in  a horseshoe round th e  
vasa d e fe r e n t ia  ( f i g .  3)* A vas d eferen s p roceeds  
p o s te r io r ly  from e ith e r  s id e ,  turn ing  three  bends i n  the  
form of a *W* ( f i g .  3 ) ,  and descends round th e  th o r a c ic  
m usculature to  the p a ired  g e n i t a l  openings i n  the sternum 
o f  th e  8th th o ra c ic  segment.
Raab's account of th e  fu n c t io n  o f  th e  v a r io u s  re g io n s  
of th e  vasa d e fe r e n t ia  in  th e  form ation o f  th e  spermatophore 
does not w holly  agree with the present f in d in g s .  He s t a t e s
th a t  th e  f i r s t  part of th e  vas d eferen s  ( f i g .  3, 1^
concerned s o l e l y  with the tran sp ort of th e  spermatozoa.
- 1^ -
I t  i s  bounded by a pavement ep ith e liu m  whereas th e  next  
re g io n  ( f i g .  3 , a2-b) has a th ick er  cuboidal ep ith elium  
and t h i s  s e c r e te s  th e  f l u i d  in  which th e  spermatozoa are  
suspended in  the spermatophore. T his  f l u i d ,  when th e  
spermatophore i s  a ttached  to th e  fem ale, causes exp u lsion  
of the spermatozoa in to  the spermatheca.
The fo l lo w in g  part of th e  vas d eferen s  ( f i g .  3, b - c ) ,  
con sidered  by Raab to  have no fu n c t io n  other than tran sp ort  
of th e  spermatozoa, i s  a c t u a l ly  r e sp o n s ib le  fo r  sec r e t in g  
a membrane or case  around th e  spermatozoa. On approaching  
th e  bend ( f i g .  3, b) th e  lumen becomes e l l i p t i c a l  u n t i l  the  
reg io n  of th e  l a t e r a l  pocket ( f i g .  3, I s ) .  The ep ith elium  
i s  now columnar except at the narrow s id e s  o f  th e  
e l l i p t i c a l  lumen where i t  remains cu b o id a l. In  some 
decapods (Matthews, 1953), s im ila r  cuboidal c e l l s  s e c r e te  
the spermatophore membrane; c e r t a in ly ,  in  the specimens 
examined h ere , th e r e  was an aggregation  o f  se c r e te d  
m a ter ia l  aga in st  th e s e  c e l l s  but th ere  was no ev id en ce  
su g g estin g  that th ey  a lon e produce the s e c r e t io n .
The vas d eferen s  then turns p o s t e r io r ly  ( f i g .  3 , c ) , 
t h i s  part being known as the spermatophore sac ( f i g .  3, s s ) . 
I t s  lumen i s  more pear-shaped than e l l i p t i c a l  and a la y er  
o f  c ir c u la r  muscle can be e a s i l y  seen round the o u ts id e  of  
th e  now cu b ica l ep ith e liu m . Raab makes no mention o f any
- 15-
F ig . 4".' Transverse s e c t io n  o f a spermatophore and the  
e ja c u la to r y  duct w a l l .
e , ep ith e liu m  and m, muscle o f  e ja c u la to r y  duct w a ll ;
-  j1 , three la y e r s  of spermatophore w a ll;  s ,  spermatozoon 
in  spermatophore.
—16—
such l a y e r  o f  m u sc le  i n  t h i s  r e g i o n .  The p r e v i o u s  p a r t s  
of the  v a s  d e f e r e n s  were examined i n  g r e a t  d e t a i l  t o  
d i s c o v e r  i f  t h e r e  was any such la y e r  o f  m u s c le ;  a l l  t h a t  
c o u ld  be  found was what appeared l i k e  a t u n i c a  p r o p r i a  but 
i t  was so t h i n  t h a t  i t s  s t a i n i n g  p r o p e r t i e s  c o u l d  not  be  
d eterm in ed .  A l a t e r a l  p o c k e t  e n t e r s  t h e  a n t e r i o r  end o f  
th e  spermatophore s a c ,  on t h e  s i d e  n e a r e s t  t h e  body w a l l ,  
and i t  i s  i n  t h i s  t h a t  th e  cement,  which a t t a c h e  t h e  
spermatophore t o  t h e  f e m a le ,  i s  s e c r e t e d .  A c h a n n e l ,  
formed by t h e  w a l l s  o f  th e  spermatophore s a c ,  l e a d s  from  
t h e  l a t e r a l  p o ck et  t o  t h e  p ro x im a l  r e g i o n  o f  t h e  
e j a c u l a t o r y  duct  where l i e s  t h e  p a r t  o f  t h e  f u l l y  formed  
spermatophore which  w i l l  be a t t a c h e d  t o  t h e  fem a le*
The w a l l s  o f  t h e  spermatophore sac  s e c r e t e  f u r t h e r  
m a t e r i a l  round th e  mass o f  sperm atozoa .  A t h i r d  l a y e r  
( f i g .  h )  i s  l a i d  down round t h e s e  two i n  t h e  e j a c u l a t o r y  
duct  ( f i g .  3 ,  ed) and seems t o  have t h e  same s t a i n i n g  
p r o p e r t i e s  as  t h e  one im m e d ia te ly  i n s i d e  i t ;  t h e  in n e r m o s t  
i s  d i f f e r e n t  and s t a i n s  r a t h e r  l i k e  th e  f l u i d  i n  w h ich  t h e  
sperm atozoa are  suspended .
The e ja c u la to r y  duct ( f ig ^  3, ed) extends from the  
spermatophore sac v e n t r a l ly  round the body m usculature and 
organs to  the g e n i ta l  opening. The ep ith eliu m  i s  
cuboidal and i s  bounded by a la y e r  of lo n g itu d in a l  muscle
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and an outer la y e r  o f c ir c u la r  muscle ( f i g .  m). The 
e ja c u la to r y  duct of a mature male i s  d isten d ed  by the  
spermatophore which i s  s tored  in  i t  f o r  some tim e . As 
a r e s u l t  o f t h i s  d is t e n s io n  th e  g e n i ta l  opening l i e s  at 
th e  s id e  o f  th e  spermatophore so that com plicated  muscular 
movements must be req u ired  to  e j e c t  i t .
During the breeding season almost every  male has 
two spermatophores p resen t in  each vas d e fe ren s ,  one 
being in  th e  spermatophore sac, the other in  th e  e ja c u la to r y  
duct.
The spermatozoa, when th ey  lea v e  the t e s t i c u la r  
v e s i c l e s ,  are sp h e r ic a l  in  shape and have a diameter o f  
about 9P. By th e  tim e they  reach the spermatophore sac  
t h e ir  diameter has in crea sed  to  about 1 -^ti. Most o f them 
are s t i l l  sp h e r ic a l  but from here onwards th ey  are  
compressed in to  v a r io u s  forms, producing squares, t r ia n g l e s ,  
e t c .  in  s e c t io n s .
The Female System.
A d e ta i le d  and accurate  d e sc r ip t io n  o f  th e  form and 
ex ten t o f th e  ovary, th e  course o f  the o v id u cts  and th e  
d is t r ib u t io n  o f  th e  u te r in e  glands has been g iven  by Raab. 
Nothing fu rth er  can be added from the p resen t in v e s t ig a t io n  
except a short note  on th e  u te r in e  glands.
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Raab, i n  d e s c r i b i n g  t h e i r  e x t e n t ,  s t a t e s  t h a t  i n  
d i f f e r e n t  an im a ls  t h e y  som etim es e x h i b i t  d i f f e r e n t  
s t a i n i n g  p r o p e r t i e s .  I n  t h i s  i n v e s t i g a t i o n ,  how ever ,  
t h e r e  appear t o  be two r e g i o n s  o f  t h e s e  g la n d s  w h iùh 
h ave  c h a r a c t e r i s t i c  s t a i n i n g  r e a c t i o n s  i n  a l l  t h e  a n im a ls  
s e c t i o n e d .  The f i r s t  e x t e n d s  from t h e  p r o x im a l  end of  
t h e  o v i d u c t s  l a t e r a l l y  and v e n t r a l l y ,  f o l l o w i n g  t h e  
c o u r s e  o f  t h e  o v i d u c t s ,  i n t o  t h e  co x a e  o f  t h e  6 t h  t h o r a c i c  
l e g s ;  t h e s e  s t a i n  p r e d o m in a n t ly  p a l e  b l u e  w i t h  M a l lo r y * s  
t r i p l e  s t a i n .  The second  group s t a i n s  r e d d i s h  p u r p l e  or 
o r a n g e - red  and appears  t o  be c o n f i n e d  t o  t h e  r e g i o n  round  
t h e  sperm atheca  and e x t e r n a l  g e n i t a l  o p e n in g s ,  ly in g  
b etw een  t h e n  and t h e  n e r v e  cord .  From an e x a m in a t io n  o f  
Bargmann* s p h o to g r a p h s  i t  appears  t h a t  t h e r e  may b e  two 
d i f f e r e n t l y  s t a i n i n g  groups  o f  g la n d s  i n  E uphausia  superba  
though she d o es  not  s u g g e s t  t h i s  i n  h er  t e x t .  As 
m entioned  l a t e r ,  t h e  te g u m e n ta l  g la n d s  r e sem b le  t h e s e  
u t e r i n e  g la n d s  c l o s e l y  i n  form and c o l o u r  v a r i a t i o n s .
I n v e s t i g a t i o n s  o f  t h e  o r i g i n  o f  t h e  egg membranes were  
made (p .  S’S ) .  The mass o f  g la n d s  round t h e  g^permatheca 
and g e n i t a l  o p e n in g s  c o n t a in e d  d e n s e l y  s t a i n e d  s e c r e t i o n s  
i n  f e m a l e s  known t o  have  l a i d  e g g s  im m e d ia te ly  b e f o r e  
f i x a t i o n .  These  s e c r e t i o n s  were n o t  e v i d e n t  i n  f e m a l e s  
known not  t o  h a v e  l a i d  e g g s  p r i o r  t o  f i x a t i o n .  T h e r e f o r e ,
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i t  was concluded th a t  th e se  g lands s e c r e te  th e  c u t ic u la r  
membranes of th e  egg.
No se c r e t io n s  were apparent in  th e  g lands s i tu a te d  
around th e  proximal re g io n s  o f  th e  o v id u c ts .  As Raab 
s t a t e s ,  and the p resen t author confirm s, in  s e c t io n s  of 
th e se  g lands a group o f  f i v e  or s ix  c e l l s  are o f te n  
found bordering a small lumen but no con n ection  between  
th e se  separate  lumina could be found and no opening from 
them, by duct or s in u s ,  in to  th e  o v id u c ts .  The fu n c t io n ,  
th e r e fo r e ,  o f  t h ig  group of g lands remains unknown.
The Blood Gland and Tegumentarv G lands.
The form and h is t o lo g y  of the b lood  gland, located  
in  the a n ter io r  part o f the céphalothorax o f  M. n orveg ica .  
has been d escr ib ed  a cc u r a te ly  by Raab.
C lo se ly  a s s o c ia te d  w ith  th e  blood gland, but n e i th e r  
mentioned nor f ig u r e d  by Raab, are groups of tegumentary  
g lan ds. They have th e  t y p ic a l  r o s e t t e  form, f i v e  or s i x  
c e l l s  being s i tu a te d  around a lumen or duct (Farkas, 1927; 
Yonge, 1932) .  Their cytoplasm i s  granular and th e  sm all  
n u c le i  are u s u a l ly  found ag a in st  the w a ll  d i s t a l  to  th e  
gland lumen. When s e c t io n s  of th e  glands were s ta in e d  with  
Heidenhein* s iro n  haem atoxylin  a very con sp icu ou s" n u cleo lu s  
was seen w ith in  each n u c leu s.
— 2 0 —
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F ig . 5» T ransverse s e c t io n  of a g i l l  f i la m en t of I-L norveg ica .  
cv , blood v e s s e l s  connecting the two branch ia l v e in s ;  
m, muscle f ib r e s  o f f i lam en t;  n, nucleus of la r g e  c e l l  
of f i la m en t.
- 2 1 -
T h eir  s t a i n i n g  p r o p e r t i e s  vary  in  d i f f e r e n t  r e g i o n s  
o f  t h e  body. With M a l lè r y  th e y  co lo u red  b l u e ,  through  
v a r i o u s  shades  of p u r p le ,  t o  re d .  Those s t a i n i n g  b l u e  
com prised  th e  b u lk  o f  t h e  g la n d s  a s s o c i a t e d  w i t h  th e  b lo o d  
g la n d  and th e  t h o r a c i c  l im b s ;  t h o s e  s t a i n i n g  r e d  were  
fo u n d  around t h e  o esoph agus .  Those s t a i n i n g  p u r p l e  
appear t o  be v a r i a n t s  o f  t h e  b l u e  a s  t h e y  a r e  o f t e n  
m in g led  w ith  them e . g .  a t  t h e  p o s t e r i o r  end o f  t h e  b lo o d  
g la n d ,  d o r s a l  t o  th e  stomach; th e y  are a l s o  p r e s e n t  in  
t h e  body e p i t h e l i u m  im m édiate l y  under the  in te g u m e n t .
I n  a number o f  r e g i o n s ,  c l o s e  to  th e  in te g u m e n t ,  
a group o f  g la n d  c e l l s  was o f t e n  d i v i d e d  i n  two by i t s  
s t a i n i n g  p r o p e r t i e s ,  t h e  h a l f  l y i n g  n e a r e s t  t h e  in tegu m en t  
s t a i n i n g  r e d ,  t h e  in n e r  h a l f  b l u e .
As a lr e a d y  m en tion ed ,  t h e r e  i s  a rem arkable  
s i m i l a r i t y  b e tw een  t h e s e  g la n d s  and th e  u t e r i n e  g l a n d s ,  
b o th  i n  form and s t a i n i n g  p r o p e r t i e s .  The u t e r i n e  g la n d s  
s e c r e t e  t h e  o u t e r  membrane o f  t h e  e g g s  w h i l e  t h e  
tegum entary  g la n d s  are  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  
t h e  o u te r  l a y e r  o f  t h e  in teg u m en t .  Yonge (1937) showed 
t h a t  t h e  p h y s i c a l  and ch em ica l  p r o p e r t i e s  o f  th e  o u t e r  egg  
membranes and t h e  s u p e r f i c i a l  c u t i c l e  o f  t h e  in te g u m en t  o f  
Ho mar u s  v u l g a r i s  are  i d e n t i c a l .  T h is  a l s o  seems t o  b e  
t r u e  i n  M. n o r v e g i c a .
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The v a r y i n g  s t a i n i n g  r e a c t i o n s  o f  t h e  t eg u m e n ta l  
g la n d s  are  thou ght  t o  a r i s e  from v a r y i n g  s t a t e s  o f  
s e c r e t a r y  a c t i v i t y .
The G i l l s .
The g i l l s  r e p r e s e n t  m o d i f i e d  e p i p o d i t e s  o f  t h e  
t h o r a c i c  l i m b s .  I n  M. n o r v e g i c a  t h e r e  are  o n l y  s e v e n  
f u l l y  d e v e lo p e d  p a i r s  o f  t h o r a c i c  l e g s ,  t h e  p a i r  on t h e  
8 th  segment n o t  b e in g  d e v e lo p e d .  F u n c t io n in g  g i l l s  a re  
p r e s e n t  in  s e g m e n tss2  t o  8 ,  t h e  f i r s t  p a i r  o f  t h o r a c i c  
l e g s  h a v in g  an u n d ev e lo p e d  s im p le  e p i p o d i t e ,  even  thou gh  
t h e r e  i s  an a f f e r e n t  and e f f e r e n t  b r a n c h i a l  ch a n n e l  
p r e s e n t .  ( F i g .  10,  eb ,  1 ) .
The e x t e r n a l  appearance  o f  t h e  g i l l s  has  b een  
examined and f i g u r e d  by Caiman ( 1 9 0 $ ) .  The most d e v e lo p e d  
b r a n c h ia e  a re  on t h e  8 th  segm ent ,  t h e  o t h e r s  b e in g  s m a l l e r  
( f i g .  1 0 ,  b ,  8 ) .  H i s t o l o g i c a l l y ,  t h e  f i l a m e n t s  a re  
composed o f  l a r g e  c e l l s  w i th  l a r g e  g r a n u la r  n u c l e i  ( f i g .  5, n) 
which  u s u a l l y  p o s s e s s  a number o f  n u c l e o l i .  The c e l l  
c y to p la s m  i s  a l s o  g r a n u la r  and s t r i a t i o n s  were o b s e r v e d  
t r a v e r s i n g  t h e  c e l l s ,  most o f t e n  from t h e  w a l l s  a d j o i n i n g  
t h e  a f f e r e n t  t o  t h o s e  n e a r e s t  t h e  e f f e r e n t  v e i n s .  A w e l l  
d e v e lo p e d  i n t e r n a l  m uscular sys tem  was d e m o n s tra ted ,  
commencing around th e  b r a n c h ia l  c h a n n e l s  and e x t e n d in g  i n t o
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th e  la m ella e  where i t  branches con sid erab ly  so th a t  each, 
f i la m en t has a few muscle f ib r e s  running up i t s  cen tre  
to  i t s  d i s t a l  end. ( f i g .  5, m). Around each f i la m en t  
was a very  th in  c u t ic u la r  la y e r .
The system o f  b lood  v e s s e l s  present in  th e  g i l l s  i s  
d escr ib ed  in  d ea lin g  w ith  th e  blood c i r c u la t io n .
The E x c r e t o r y  O rgans .
An ex a m in a t io n  o f  t h e  e x c r e t o r y  organs  i n  t h e  b a s e s  
o f  t h e  2nd an te n n a e  s im p ly  s e r v e d  t o  co n f irm  t h e  d e t a i l e d  
d e s c r i p t i o n  o f  Ra^b.
C i r c u l a t o r y  S y s te m .
Raab (1915) d ea lt  w ith  th e  a r t e r ia l  system, 
r e c o n s tr u c t in g  i t  from s e c t io n a l  m ater ia l and gave an 
accu rate  though not very  d e ta i le d  account. He considered  
that h i s  t e s u l t s  confirmed, fo r  the most p a r t ,  th ose  of  
Zimmer (1913) fo r  Eunhausia superba. and, th e r e fo r e ,  when 
he does not p resent a d e ta i le d  d e s c r ip t io n  o f  some a sp ects  
i t  i s  thought h i s  o b serv a tio n s  were id e n t i c a l  w ith  Zimmer’ s. 
Other e a r l i e r  papers have been reviewed by him.
C o lo s i  (1920)  d e s c r i b e d  t h e  h e a r t  o f  N e m a t o s c e l i s  
m eg a lo p s .  i n c l u d i n g  t h e  h i s t o l o g y  o f  t h e  o s t i a ,  a r t e r i e s  
and a r t e r i a l  v a l v e s .  No f u r t h e r  p a p e r s  on t h e  b lo o d
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c ir c u la t io n  of euphausids were found except Zimmer (1932) 
who reviewed the knowledge o f  the euphausid a r t e r i a l  system  
and Mayrat (195& a) who d iscu ssed  the occurrence of a 
’f r o n ta l  h e a r t ’ in  mysida and euphausids.
The present in v e s t ig a t io n  was made by s e r ia l  
s e c t io n in g ,  and by in je c t in g  carbon b lack  VS p a s te ,  
d ilu te d  with tap water, in to  th e  l i v e  h eart o t  pericardium . 
Very f in e  g la s s  p ip e t t e s  were used , t h e i r  t i p s  being  
in se r te d  at the jo in  of the carapace and th e  f i r s t  
abdominal segment and u s u a l ly  passing  through th e  th in  
la y er  of ch it  in  w ithout breaking. I f  th e  carbon was 
in je c t e d  d ir e c t  in to  th e  heart i t  flow ed ou t, by th e  
a c t io n  of th e  h eart b ea t, s im u ltan eou sly  in to  a l l  th e  
a r t e r i e s .  I f ,  however, i t  was in je c t e d  in to  the  
pericardium th e  r e s u lta n t  e f f e c t  depended on the amount 
in j e c t e d .  When l e s s  than 1 cc . was put in ,  t h i s  was 
ca rr ied  in to  the h eart and th en ce  to the a r t e r i e s  but a 
la rg er  amount seemed to  a r r e s t  th e  h ea rt  beat or c lo g  
th e  o s t ia  so that th e  carbon simply showed the ex ten t  of  
th e  pericardiimi in  animals with a carapace len g th  l e s s  
than 7 mm.
The blood had a c lo t t in g  a c t io n  on th e  f in e  carbon  
p a r t i c l e s  in  t h i s  s o lu t io n  thus making i t  e a s ie r  t o  
fo l lo w  the course of the carbon-blood suspension  when i t
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T i e , 6. Transverse s e c t io n  of the h eart of M. n o rv er ic  
showing the i7./o p a irs  of o s t ia .
a/C, a lae  c o r d is ;  c t ,  co n n ect iv e  t i s s u e  la y e r ;  m, 
in te r n a l  muscular la yer; o, ostium; t ,  tr a b e c u la .
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en tered  the s in u ses  from th e  ends of th e  a r t e r i e s .
The A r te r ia l  System.
The h eart i s  d o rsa l ,  c lo s e  to th e  carapace, in  the  
th ir d  to  th e  s ix th  th o r a c ic  segments. The lumen of  
th e  pericardium  connects  with th e  cardiac c a v i ty  by way 
of two p a ir s  o f  o s t i a  ( f i g .  6, o ) , th e  more dor s a l l y  
s i tu a te d  p a ir  being  s l i g h t l y  an ter ior  to  th e  other as s t a t e d  
by Raab.
The h eart p o s s e s s e s  an extrem ely complex muscular 
system , some o f  th e  la r g e s t  components ( tra b ecu la e)
( f i g .  6, t )  o f which tr a v erse  the lumen from the d o r sa l-  
l a t e r a l  to  the v e n tr a l  median areas. The w a ll  o f the  
h ea rt  i s  composed of two la y e r s  s im ila r  to  th o se  d escr ib ed  
by C o lo s i  (1920) in  N em a to sce lis . The outer la y e r ,  which 
co m p le te ly  surrounds the other la y e r s ,  i s  con n ective  
t i s s u e  co n stru c ted  o f  la rg e  c e l l s  w ith  la r g e  granular  
n u c le i  ( f i g .  6, c t ) . To t h i s  lay er  i s  a ttached  d o r s a l ly  
the a la e  cord is  ( f i g .  6, ac) which are bands of con n ect iv e  
t i s s u e  by which the heart i s  suspended in  th e  pericardium  
from th e  dorsal body w a ll .  Further bands o f co n n ect iv e  
t i s s u e ,  which are found at th e  a n ter io r  and p o s te r io r  ends 
of th e  h ea rt and a few which o r ig in a te  from i t s  v en tro ­
l a t e r a l  b orders, cross  the pericardium  to  a ttach  the heart
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to  the p e r ic a r d ia l  w a l l .  The inner la y e r  o f  th e  h eart  
w a ll  i s  muscular; th e r e  i s  an almost complete la y e r  o f  
lo n g itu d in a l  muscle running round th e  w a ll  im m ediately  
in s id e  the con n ect ive  t i s s u e  la y e r  but i t  i s  broken in  
p la c e s  by strands of c ir c u la r  m uscles and the o r ig in s  o f  
th e  tr a b e c u la e .
The o s t i a  ( f i g .  6, os) which are e x te n s io n s  o f  t h i s  
muscular la y er  o f  th e  w a l l ,  a lso  have m uscles, which cross  
the c a v ity  o f th e  h e a r t ,  a ttached  to  them. They are thus  
opened and c lo sed  by muscular a c t io n  u n lik e  the a r t e r i a l  
v a lv e s ,  t o  be d escr ib ed  l a t e r ,  which are operated by th e  
blood  p ressu re  a lon e .
Raab has d escr ib ed  the o r ig in s  of th e  v a r io u s  a r t e r i e s  
from the heart but he does not d escr ib e  i n  any d e t a i l  the  
r e s p e c t iv e  organs and t i s s u e s  they  supply .
He s t a t e s  th a t  th e  median aorta  c e p h a lic a  su p p lie s  
the cereb ra l gan glion  and eyes but d id  not show th a t  i t  
a ls o  serves  th e  a n ten n u ies, th e  d orsa l h a lf  o f th e  blood  
gland, and part o f the stomach. T his a r te r y  t r a v e l s  
a n te r io r ly  im m ediately below th e  carapace u n t i l  almost 
v e r t i c a l l y  above th e  cereb ra l gan g lion  where i t  d iv id e s  
to  supply th e  a n tennuies by means of two l a t e r a l  antennary  
a r t e r ie s  ( f i g .  7> A l ) . Next a d o rsa l median branch 
( f i g .  7) bd) serv es  th e  dorsal h a l f  o f  th e  cep h a lo th o ra c ic
- 28-
me St bs bd
oa NV/y.s'.v.v.v.v
-Fig. 7* Diagrammatic drawing o f  a n ter ior  part of  thorax of  
female M. n orvea i e a to  show the d i s t r i b u t i o n  of the main 
a r t e r i a l  v e s s e l s .  The r igh t-h an d  h a l f  of the hepatop ancreas 
has been w holly  removed, as has part o f  the ovary.
Al, f i r s t  antenna; A2, second antenna; a l l ,  l e f t  a r t e r i a  
l a t e r a l i s ;  a i r ,  r ig h t  a r t e r i a  l a t e r a l i s ;  bd, d orsa l  v e s s e l s  
to blood gland; bv, v e n tr a l  v e s s e l s  to  blood gland; br, 
v e s s e l s  to  brain; bs, v e s s e l  to  stomach; e, mouth; g o ,  
excretory organ; h, heart; ha, l e f t  hepatic  artery;  hp,
hepa^topancreas; i ,  i n t e s t i n e ;  iv ,  i n t e s t i n a l  v e s s e l ;
me, median aorta  ceph a lica ;  mp, v e s s e l  to  mouthparts; o, 
ovarian blood v e s s e l ;  oa, o p t ic  a r t e r i e s ;  ph, photophore
Iwith branch from op tic  artery  to  i t ;  s t ,  stomach.
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blood gland. Two very th in  v en tr a l  branches ( f i g .  7, b s ) ,  
j u s t  a n ter io r  to the blood gland artery ,  g ive  o r ig in  to  a 
system o f  very  f i n e  v e s s e l s  spread over th e  d orsa l  an ter ior  
su rface  6 f  the  stomach. These v e s s e l s  are so f i n e  th a t  a 
s u c c e s s f u l  i n j e c t i o n  i s  very d i f f i c u l t .  The brain  i s  
supplied  by a v e n t r a l  median branch ( f i g .  7? b r ) ,  th e  main 
a rtery  afterwards d iv id in g  in to  the two o p t ic  a r t e r i e s  
( f i g .  7, o a ) .
The b lood  v e s s e l s  in th e  eyes  were of s p e c ia l  i n t e r e s t  
and w a l l  be d escr ib ed  l a t e r .
No f r o n t a l  h e a r t ,  such as descr ibed  by Chun ( I 896) i n  
S tv lo c h e ir o n  abbreviatum  ^ was found a s s o c ia te d  with the  
median aorta  i n  M. norvég ien . Mayrat (1956 a) has descr ibed  
t h i s  organ and th e  sp e c ie s  in  which i t  occurs.
Raab on ly  mentions that the paired  a n ter io r  a r t e r i a e  
l a t é r a l e s  supply the antennal excretory  organs. Their  
d e t a i l e d  course i s  as fo l lo w s .  They run a n te r io r ly  and 
d ia g o n a l ly  ( f i g .  7, 8; a l l ,  a ir )  from the h e a r t ,  each 
producing a branch which su p p l ie s  the body ep ith e l ium  and 
musculature ( f i g ,  8, s b ) . Next the mandibles and m a x i l l u l e s ,  
along with the  muscles and t i s s u e s  a s s o c ia te d  with  the  
oesophagus, r e c e iv e  a supply of  blood by a branch ( f i g .  7? 8; 
mp) from the a r t e r i a  l a t e r a l i s  o f  that  s id e .  The main limbs 
of the a r t e r i e s  continue towards the antennae, each supplying
30.
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the  blood gland with  a f i n e  branching v e s s e l  ( f i g .  7? b g ) .  
A fter  serv ing  the  excretory  organ ( f i g .  7 ,  co) they  
terminate  in  the  antennae ( f i g .  7, A, 2 ) .
The l e f t  a r t e r i a  l a t e r a l i s ,  but not the r ig h t  as far  
as can be determined, produces two branches ( f i g .  7? 8; i v ) , 
ju s t  p o s t e r io r  to  the branch to the mouth p a r t s ,  which 
supply th e  gut.  The f i r s t  turns  p o s t e r i o r l y  and runs along  
the dorsa l  s id e  o f  the mid- and h in d -g u t ,  a l so  supp ly ing ,  
by an a n te r io r  system o f  f i n e  v e s s e l s ,  the  p o s te r io r  d o rsa l  
h a l f  of th e  stomach. The second v e s s e l  t r a v e l s  inward to  
the p o s t e r io r  end o f  the stomach and su p p l ie s  the v e n t r a l  
h a l f  of i t .
V entra l  to  the o r ig in  of th e se  th re e  an ter io r  a r t e r i e s  
are found th e  p a ired  h ep a t ic  v e s s e l s  ( f i g .  7> h a ) , which 
descend a n t e r io r ly  to  t h e i r  r e s p e c t i v e  h a lv e s  o f  the  
hepatopancreas. In  th a t  organ ( f i g .  7, hp) they  d iv id e  
in to  four  main trunks,  two a n te r io r  and two p o s t e r i o r ,  which 
subdivide in t o  numerous f i n e  v e s s e l s  ram ifying throughout  
the t i s s u e .  Small branches ( f i g .  7, obv) from th ese  
a r t e r i e s  supply the  a n te r io r  h a l f  o f  the ovary or th e  
t e s t i c u l a r  v e s i c l e s .  Raab does not d escr ib e  th e s e  branches  
to  the gonads nor does he d e sc r ib e  th e  form o f  the h e p a t ic  
v e s s e l s .
F ive  a r t e r i e s  emerge from th e  p o s t e r io r  v e n tr a l  r e g io n
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of th e  h e a r t .  Most a n te r io r  i s  the la rge  s i n g l e  aorta  
descendons which Raab has descr ibed . He s t a t e s  th a t  the  
p o s t e r i o r  branch, the a r t e r ia  abdominalis i n f e r i o r ,  
extends through the  whole abdomen, but in  f a c t  i t  term inates  
in  th e  fourth  abdominal photophore, which i t  s u p p l i e s .
P o s t e r io r  to  the o r ig in  of  the aorta descendons, a 
t h i n  p a ir  of a r t e r i e s ,  the gonadal a r t e r i e s ,  emerge 
v e n t r a l l y  from the  heart  and, t r a v e l l i n g  h o r i z o n t a l l y  and 
p o s t e r i o r l y ,  supply the vas  deferens ,  or the p o s te r io r  
h a l f  o f  the  ovary. This was not noted by Raab who s ta te d  
c o r r e c t ly  th a t  they term inate  in  the a n ter io r  abdominal 
musculature.
The remaining two v e s s e l s  o f  the  f i v e  are th e  two 
l a r g e  a r t e r i a e  abdominalis superiores  ( f i g .  8, a s ) .  Raab 
d e s c r ib e s  them as extending p o s t e r i o r ly  and d o r s a l ly  through  
the t o t a l  len g th  of the abdomen, supplying th e  p leopods by 
means o f  l a t e r a l  branches. In each of th e  f i r s t  four  
abdominal segments a l a t e r a l  branch ( f i g .  8, p i ,  p5) i s  
g iven  o f f  to  each pleopod from the arÿery on th at  s id e .
These branches,  during t h e i r  course v e n t r a l l y  round th e  
abdominal musculature, supply the muscles and the  body 
ep ith e l iu m  by means of f i n e  branching systems o f  v e s s e l s .
In  M. n o r v e g ic a . however, the l e f t  a r t e r i a  abdominalis  
superior  ends in  segment h ( f i g .  8, s^) where i t  s u p p l ie s
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the  l e f t  member of the 4-th p a ir  of p leopods. In  segment 5,  
the r ig h t  artery  su p p l ie s  both members of  the 5th p a ir  of  
pleopods ( f i g .  8, p5) as w e l l  as the t i s s u e s  on both s i d e s  
of th e  body. In segment 6 there  are no pleopods and only  
f i n é  l a t e r a l  branches of th e  artery  are found, t h e  main 
d i s t r i b u t i o n  o f  the blood being by way of  two median v e n tr a l  
branches ( f i g .  8 ,  mva) which supply th e  v e n tr a l  t i s s u e s  of  
th e  segment and two median d orsa l  branches ( f i g .  8 ,  da) 
which serve the dorsa l  t i s s u e s .  By dichotomous branching,  
the p o s te r io r  part o f  t h i s  artery  produces a branch to  each  
member of  th e  two p a ir s  o f  uropods and two branches to  th e  
t e l s o n  ( f i g .  8, t , u ) .
Zimmer (1913)? in  h i s  f ig u r e  o f  the a r t e r i a l  system of  
Eunhausia sunerba. shows the l e f t  hand a r t e r ia  abdominalis  
superior  stopping in  segment 4-. As descr ibed  above, t h i s  
takes  p la c e  in  M. n orvég ien . Some specimens, however, of 
Thvsanoessa r a s c h i i  were in j e c t e d  and two forms were found  
i n  about equal numbers; i n  the  f i r s t  the l e f t -h a n d  ar tery  
term inated in  segment 4-, in  the second th e  r ig h t-h a n d  one.
In both cases  the other artery  supplied  both s id e s  of th e  
remaining two segments. About kC specimens of each s p e c ie s  
were in je d te d .
At the o r ig in  of each artery  or group o f  a r t e r i e s ,  
there  i s  a non-muscular v a lv e  which i s  opened and c lo s e d  by
- 3 ^
th e  pressure of th e  blood. Zimmer (1913) f i g u r e s  the  
v a lv e  i n  the aorta descendons of Eunhausia superba; in  
M, norvegica the corresponding v a lv e  i s  a te trah ed ron  with  
concave l a t e r a l  fa c e s  and appears to  be s im i la r  t o  th a t  
of Zimmer though he f ig u r e s  i t  as a cone. A more 
complicated kind, hexahedral in  shape w ith  concave 
l a t e r a l  facesj a lso  occurs.  The bases of  the  polyhedrons  
are adjacent to  th e  h ea r t ,  the v e r t i c e s  p o in t in g  up the  
lumen of the blood v e s s e l s .
The te trah ed ra l  v a lv e  o f  the  aorta  descendons has ,  
in  two of i t s  op pos ite  l a t e r a l  edges, a É l i t  through which 
the blood passes  from the heart  to  the  a r tery .  A s im i la r  
v a lv e  i s  found at the  proximal ends of  the pa ired  h e p a t ic  
a r t e r i e s ,  gonadal a r t e r i e s  and a r t e r ia e  abdominalis  
superiores;  here ,  however, each a r tery  i s  served by one 
s l i t .  In the th ree  a l t e r n a te  edges of  th e  hexahedral  
v a lv e ,  lo ca ted  at the common o r ig in  o f  th e  median aorta  
ceph a l ica  and the  two a r te r ia e  l a t é r a l e s ,  i s  a s l i t ;  
each, again, su p p l ie s  one ar tery .
The Sinus System.
No account has been found of the s inus  system of  
euphausids. I n v e s t ig a t io n s  were made on th a t  of  
M. norvegica by experimental i n j e c t i o n  of l i v e  animals,  and
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by s e r i a l  s e c t io n in g .  As mentioned p r e v io u s ly ,  the  
carbon suspension, when in j e c t e d  in to  th e  h eart  o f  l i v e  
animals, i s  pumped out by the heart in t o  the a r t e r i e s .
I t s  course through the a r t e r i e s  can be fo l l o w e d ' t o  t h e i r  
f i n e s t  branches where i t  i s  passed in to  th e  var iou s  s in u s e s .  
In th e  s in u ses  a c e r ta in  amount of c l o t t i n g  o f  th e  carbon 
p a r t i c l e s  occurs with th e  r e s u l t  th a t  small lumps are  
formed which are carried  b y tk b lo o d  back towards the  
pericardium and can be observed under the b inocu lar  
microscope.
Carbon p a r t i c l e s  in  the abdominal c a v i t i e s  t r a v e l  
a n t e r io r ly  i n  the spaces present between th e  m uscles ,  e t c . ,  
a l l  the  c a v i t i e s  feeing components o f  the  abdominal s in u s .  
This was confirmed by an examination of s e r i a l  s e c t i o n s  
though in  them th e t e  appeared to  be an aggregat ion  of blood  
corp u sc les  i n  a v e n tr a l  median l i n e .  T his ,  however, i s  
almost c e r t a in ly  explained by th e  fa c t  th a t  the main f lo w  
of blood from the a r t e r i e s  to  the  abdominal s in u s  ta k es  
p la ce  v e n t r a l l y  from the region of th e  pleopods and 
photophores. The blood f lo w s  a n te r io r ly  to  the v e n tr a l  
p o s t e i i o r  reg io n  of the thorax.
In the  thorax and head, owing to  the body organs and 
muscles,  the c a v i t i e s  are very much reduced and broken up, 
as compared with the abdominal ones, but in  s e c t i o n s  th ere
-.36—
e b v
Fig .  9 . The flow of  blood in  part of  a tubular g i l l  f i lam ent  
of I'l. norvenica  i s  shown by the arrows.
abv, a f f e r e n t  branch ia l  vein; ebv, e f f e r e n t  branchial  vein;  
cv, connecting v e s s e l .
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i s  a su gg es t io n  o f  a dorsa l  and v en tr a l  s in u s .  The 
d orsa l  s in u s  i s  r e s t r i c t e d  to  th e  a n ter ior  re g io n  round 
th e  blood gland and extending p o s t e r io r ly  to th e  a n ter io r  
end of th e  pericardium. Blood from t h i s  r e g io n  i s  
ca r r ied  to  the p o s te r io r  v en tr a l  part o f  the thorax.
The v e n tr a l  s inus  c o l l e c t s  the blood from th e  e y e s ,  
antennae, mouth parts  and th orac ic  l e g s ,  e t c . ,  a l l  of i t  
being  carried  to  the p o s te r io r  end.
Thus the b lood  from a l l  p a rts  of the body reaches  
th e  g i l l s .  Here i t  èn ters  the a f fe r e n t  branch ia l  
channels ,  v/hich l i e  between the e f f e r e n t  branchia l  
channels  ( f i g .  10, eb) and the  body w a l l .  There are 
v ar iou s  muscles a s s o c ia te d  v/ith th e se  channels and th ey ,  
along with  the a c t io n  of  the p e r ic a r d ia l  w a l l  (George,
Nair,  and Muthe, 1955)? presumably drive  the b lood  in to  
the g i l l s .  C er ta in ly  when carbon i s  in j e c t e d  in to  th e  
a f fe r e n t  branch ia l  channels i t  “ spurts round" th e  g i l l s  
and t h i s  was not due to  the  p i p e t t e .  The a f f e r e n t  
b ran ch ia l  channels lead  in to  th e  a f f e r e n t  b ran ch ia l  v e in s  
which are in  th e  branchiae. These by means of sub-branches,  
supply each g i l l  f i la m en t .  A sub-branch o f  the a f fe r e n t  
v e in  ( f i g .  9? abv) c a r r ie s  the blood te r m in a l ly  on one s id e  
of each f i la m e n t ,  a sub-branch of the e f f e r e n t  v e in  
( f i g .  9) ebv) re turning i t  on the op p o s i te  s id e .  Connecting
—38—
mac
Fig .  10. Drawing of the thorax of li. n orvea ica  to  show the 
e x te n t  of the pericardium end membrane round the median aorta  
c e p h a l ic a .
b, branchiae; bB, branchiae of e ig th  th orac ic  segment; bo, 
p o s s i b l e  opening o f  membranous s tr u c tu r e  in  blood gland; eb, 
e f f e r e n t  branch ia l  channel; e b l ,  e f f e r e n t  b ran ch ia l  channel to  
f i r s t  limb; mac, median aorta cep h a l ica ;  ms, a n te r io r  membran­
ous s tr u c tu r e  round the median aorta  ce p h a l ica ;  p, pericardium;  
pa, pericardium in f i r s t  abdominal segment.
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th e  two v e s s e l s  are numerous small v e s s e l s  ( f i g .  9, cv) 
p ass in g  from the a f f e r e n t ,  round the circumference of tb e  
almost tubular f i la m en t ,  to  the  e f f e r e n t  v e s s e l .  The 
e f f e r e n t  branch ia l  v e in s  lead  to  th e  pericardium ( f i g .  lü ,p )  
v i a  the e f f e r e n t  branchia l  channels ( f i g .  10, eb).
Raab has descr ibed  the pericardium but only  mentions  
the  e f f e r e n t  branchial  channels.  B r i e f l y ,  the pericardium  
( f i g .  10, p) extends from th e  reg io n ,  ju s t  a n te r io r  t o  the  
h e a r t ,  p o s t e r i o r ly  in to  the f i r s t  abdominal segment 
( f i g .  10, pa) where i t  i s  attached to an endophragmal 
c h i t in o u s  band from the dorsal  body w a l l .  On each s id e  of  
the  thorax ,  i t  has a l a t e r a l  ex ten s io n  i n  th e  3rd to  8th  
segments in to  which the e igh t  e f f e r e n t  branchia l  channels  
f lo w  ( f i g .  10, eb l ,  e b ) . From near the p o s t e r io r  end o f  
th e  h eart  to i t s  attachment to  the c h i t in o u s  band in  th e  
abdomen the pericardium has a complicated system o f  muscles  
t r a v e r s in g  i t s  lumen. This p o s t e r io r  part i s  known as the  
p e r ic a r d ia l  s in u s .  Connective t i s s u e  composes the  g r e a te r  
p art  o f  the  p e r i c a r d ia l  w a l l  but in  the  reg io n  o f  the  s in u s  
and in i t s  l a t e r a l  ex ten s io n s  towards the  g i l l s  muscular 
f i b r e s  are p rese n t .
A schematic re p r esen ta t io n  o f  the c i r c u l a t i o n  of  
blood in  M. norvegica  i s  shown in  Table 1.
ARïERiaS
AB DOMINAI THORACICSINUS siiros\  /POSTERIOR VENTRAL 
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Table 1.
HEART'
•PERICARDIUM
TEFFERENT BRANCHIAL CHANNELSîEFFERENT BRAÎ?CHIAL VEINS AFFERENT BRANCHIAL VEINS BRANCHIAEî-^AFFRT’RNT BRANCHIAL CHANNELS
I n  t h e  r e g io n  o f  th e  a n t e r io r  d o r s a l  t h o r a c ic  s i n u s ,  
th e  c l o s e d  membrane ( f i g .  1 0 ,  ms) m en tion ed  by Raab, round  
t h e  m edian a o r ta  c e p h a l i c a ,  was o b ser v e d  but fo u n d  t o  be  
more com plex th a n  h e  d e s c r ib e d .  I t  i s  a s s o c i a t e d  w ith  
th e  a r t e r y  s h o r t ly  a f t e r  i t  l e a v e s  th e  h e a r t  and a t  i t s  
p o s t e r i o r  end h as th e  appearance o f  a few  c o n n e d t iv e  
t i s s u e  f i b r e s  c o n n e c t in g  th e  a r t e r y  w ith  th e  d o r s a l  body  
e p i t h e l iu m .  More a n t e r i o r l y ,  how ever, i t  i s  a d e f i n i t e  
membrane e n c lo s in g  t h e  a r t e r y ;  a w e l l - d e f i n e d  sp a c e  i s  
p r e s e n t  betw een  t h e  two and i t  c o n t in u e s  a s  a tu b e  u n t i l  
th e  a r t e r y  i s  d o r s a l  to  t h e  p o s t e r i o r  end o f  t h e  stom ach.
The membrane th e n  sp re a d s  ou t l a t e r a l l y  and v e n t r a l l y  ( i n  
t h e  form of a sa d d le )  over  th e  stom ach, t h e  l a t e r a l  
e x t e n s io n s  r e a c h in g  as  low  as th e  o p en in g  o f  th e  o eso p h a g u s  
i n t o  th e  stom ach. J u s t  a n t e r io r  to  t h e  o esop h agu s  t h e s e  
e x t e n s i o n s  s h o r te n  and, im m e d ia te ly  a n t e r i o r  to  t h e  stom ach.
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disappear,  the most a n te r io r  part of the  membrane being  
in  the  form of a tube round th e  ar tery .  A v e n tr a l  
opening ( f i g .  1C, b o ) ,  undetected  by Raab, may be present  
in  the reg ion  of the blood gland. I t  was found in  two 
specimens but was not c l e a r l y  defined  and i t s  presence  
could not be confirmed from an examination of a further  
two animals. S im i la r ,  though l e s s  p e r f e c t l y  c lo se d  
membranes, were found round the a r t e r ia e  l a t é r a l e s .
In general o u t l in e  the s tru c tu re  round the median 
aorta  ceph a lica  resembles th e  pericardium very  c l o s e l y  
except for  the  la ck  of  musculature and a l s o  th e  f a c t  th a t  
very  l i t t l e  blood i s  found in  i t  except around th e  p o s s ib l e  
v e n t r a l  opening in  th e  reg ion  of the blood gland. Raab 
s t a t e s  th a t  i t s  purpose i s  to r e g u la te  the  f lo w  o f  venous  
blood  but does not support t h i s  statement with any 
ev idence .  The f a c t  that there  are s im ila r  s tr u c tu r e s  
a s s o c ia te d  with th e  a r t e r ia e  l a t é r a l e s  would suggest  some 
f u n c t io n  a s s o c ia te d  with th e  a r t e r i e s  th em se lves .
Moreover, i t  i s  thought that  the h ea r t  beat and g i l l  
musculature co n tro l  the  a r t e r i a l  and venous f lo w s .
The fu n c t io n  of th e s e  membranes i s  more l i k e l y  to  be 
d iscovered  from embryological s tu d ie s  as i t  i s  p o s s i b l e  
that  they are v e s t i g i a l  s tr u c tu r e s  o r ig in a t in g  from 
a n ter io r  ex ten s io n s  o f  the  pericardium.
Tbe Blood V e s s e ls  of Compound Eyes.
% i l e  working on the general morphology of  
M. n orveg ica  s e c t io n s  of  th e  eyes were examined and a 
group of conspicuous “c e l l s " ,  whose fu n c t io n  was unknown, 
was found proximal to  the basement membrane. The quest ion  
arose  as to whether these  s tr u c tu r e s  were p e c u l ia r  t o  
euphausids, an^ p o s s ib ly  th e  s i t e  o f  Vitamin A s y n t h e s i s ,  
or were present in  other cnustacean eyes .  Dr. T. H.
Naterman (personal communication) had suggested that  th ey  
might be blood v e s s e l s .
The eyes of M. norvegrica were then examined i n  
d e t a i l  and th e s e  s tru c tu res  i d e n t i f i e d  in  s e c t i o n s  as  
sub-branches of the o p t ic  a r tery .  The eyes of  some other  
crustaceans  were s im i la r ly  in v e s t ig a t e d ,  but not in  d e t a i l ,  
to  see  whether there  i s  a general p a t te r n  in th e  vascu lar  
system o f  compound eyes .
Blood v e s s e l s  are r a r e ly  mentioned i n  the numerous 
d e s c r ip t io n s  of compound eyes.  The only  re lev an t  paper 
found i s  that of  Mayrat (1956 b) which was p ub l ished  w h i le  
the present work was in  p rogress .  He d e sc r ib e s  th e  
va scu la r  system in  the eye of th e  mysid, Praunus f l e x u o sus 
(0 .  F. M üller) .
HanstrBm (19W) has reviewed the work done by him and
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Car st am on the morphology o f  the eyes  o f  M. n o r v e g ic a .
The fo l low in g  crustaceans ,  other than M. norVegica. 
were examined:
Macrura Natantia  Leander s a u i l l a  (Linn.)
Macrura R eptantia  Neohrops norvegica  (L inn.)
Anomura Eupagurus bernhardus (Linn.)
Eupagurus pr ideauxi (Leach) 
Galathea aauamifera (Leach)
A s o lu t io n  o f  carbon black VS p a s te  was i n j e c t e d ,  
using  very  f in e  g la s s  p i p e t t e s ,  in to  the  l i v e  heart of 
M. n o rveg ica . Nephrons n orveg ica , Sunagurus bernh ardus, 
and C. p r id e a u x i . vJhen the a n ter io r  a r t e r i e s  were f u l l  
o f  carbon the h ea r t -b ea t  was a rr es ted  in  10^ form alin  i n  
sea  water. The eyes were immediately severed from the  
specimens and d i s s e c t e d  under g ly c e r in e  which served to  
prevent the  nerve g a n g l ia  becoming opaque.
S e c t io n s  o f  Leander s a u i l l a . Eunagurus spp. ,  and 
Galathea were examined, as a l s o  were s e c t i o n s  o f  t h e  eyes  
o f  M. norveg ica  in j e c t e d  with carbon.
In M. norvegica  the median aorta  cep h a l ica  t r a v e l s  
a n te r io r ly  and v e n t r a l l y  from the  h ear t ,  as a lready  
descr ibed ,  f i n a l l y  d iv id in g  at the  base of  th e  e y e - s t a l k s  
in to  th e  two op t ic  a r t e r i e s ,  one to  e%ch eye.
-'fS—
cone
ret/nulo
rhabdome
• r » \ .
bv '9arterio le  m photophore
photophore  
s in us A branch of  optic artery to 
photophore
ï ’i g .  11. Schematic' drawing of  a s e c t io n  of  an eye of II.norveg­
i c a  showing the d i s t r i b u t i o n  o f  f in e  blood v e s s e l s  in  the  
g a n g l ia ,  the reg ion s  of the eye between the g a n g l ia ,  and the 
photophore. B. Schematic drawing of an eye showing the course  
of the optic  artery  and i t s  branches.
bm, basement membrane; bv, blood v e s s e l ;  Ig ,  lamina g a n g l io -  
a r is ;  me, medulla externa; mi, medulla in tern a;  mt, medulla  
t e rm in a l is ;  ot ,  end of op t ic  artery; pv, photophore branch 
d iv id e s  in three; s r , s u b r e t in a l  a r t e r i o l e .
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The s tru ctu re  of  the su perp os it ion  eye of M. norvefeica 
i s  further  com plicated  by the  presence of a photophore in  
th e  v e n tr a l  reg io n  o f  th e  e y e - s ta lk  (the o r i e n t a t io n  of the  
eye i s  taken from i t s  p o s i t io n  in  the  animal).  The f i r s t  
branch o f  the o p t i c  artery  -  which at f i r s t  runs out in  
the  i n s i d e  l a t e r a l  edge of the eye s ta lk  between th e  c u t i c l e  
and the  nerve g a n g l ia  -  serves t h i s  photophore and, as far  
as can be determined, i t  alone. When t h i s  branch reaches  
th e  f r o n t a l  edge of  the l i g h t  organ i t  d iv id e s  in  th ree  
( f i g .  11 B, pv) , the  median branch being very f i n e .  The 
l a t e r a l  branches produce numerous branches which ramify  
down through th e  “p o s te r io r  c e l l u l a r  layer*' (V a l i e n t in  and 
Cunningham, 1888) and the outer edges of the  s t r i a t e d  body.
The blood from th ese  v e s s e l s  enters  the ocular s in u s e s  v ia  
a s in u s  ( f i g .  11, A) surrounding th e  s id e s  and inner surface  
o f  the photophore.
The second branch from the o p t ic  ar tery  su p p l ie s  the  
medulla t e r m in a l i s  ( f i g .  11 B, mt) with  a complex system of 
f i n e  v e s s e l s  which spread throughout i t s  t i s s u e s  ( f i g .  11, A, 
mt). A few f i n e  sub-branches from i t  pass  outwards to  
supply part  o f  th e  medulla externa.
The main artery  ( f i g .  11, B) then curves round th e  
nerve g a n g l ia  towards th e  dorsal s id e  of the  eye, serv ing  
11 rou te  the medulla in tern a  and medulla externa ( f i g .  IIB, mi,m^
rhab dome
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b/ood vesse /s basementmembrane
A
rhabdome blood yesse/s basementmembrane
Fig, 12, S e c t io n s  showing the rhahdones, basement aembrane, and 
s u b r e t in a l  reg ion  of the eye of M. norve.^ica. In A the 
blood v e s s e l s  were not in je c te d ;  in  B they were f i l l e d  w ith  
carbon b lack .
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These two ga n g l ia  are very r ich  in  blood supply, th e  two 
systems being connected by v e s s e l s  t r a v e l l i n g  across  th e  
in terv e n in g  space in  both d i r e c t io n s .
Tie lamina gan glion ar is  ( f i g .  11, Ig) and th e  r e g io n  
( f i g .  11, A, s t )  of the  eye between i t  and th e  basement 
membrane are each supplied by a sub-branch o f  the o p t i c  
a r te r y ,  vjhich i s  now found in  th e  d orsa l  r e g io n  o f  th e  eye.
A high concentration  o f  blood v e s s e l s  i s  p resent  among 
th e s e  nerve f i b r e s  below the basement membrane.
P ressed  c lo s e  to  the basement membrane i s  a la y e r  o f  
f i n e  a r t e r i e s  which seem to  present a constant p a t te r n ;  
they run out round the membrane from th e  d orsa l  to  th e  
v e n t r a l  s id e  of the eye. This s u b r e t in a l  supply i s  
extremely r i c h  and i t  was at f i r s t  thought th a t  here was 
the source o f  n u tr ien ts  for  the  ommatidia. L ater ,  however, 
carbon was found in  th e  spaces between ommatidia and the  
main o p t ic  ar tery  was seen to end a g a in st  the  basement 
membrane. No blood v e s s e l s  were found d i s t a l  to  the  
basement membrane.
In  leander s o u i l l a  a lso  ( s e e  l a t e r )  the o p t ic  a r tery  
ended aga inst  the  basement membrane and an opening was 
found in  the membrane at the end of th e  artery ;  th e  blood  
appeared to  pass  in to  the complex o f  c a v i t i e s  between th e  
ommatidia, the omraatidial s inu s .  The same th in g  must take
p la c e  in  M. n o rv eg ica .
In the  v e n tr a l  s ide  of the eye th er e  i s  a complex 
of s in u s e s  between the photophore and basement membrane.
I t  i s  through th e se  th a t  the blood from the ommàtidiaJ. 
s in u s  must gain access  to  the eye s in u ses  proper.
I t  i s  w e l l  known th at  there i s  an outer and inner eye 
s inu s  nresent in  the eye s ta lk ,  th e  two becoming one at  
the base o f  the  eyes where the blood then  en ters  th e  
ceph alo th orac ic  s in u s .  The blood from th e  complexes o f  
f i n e  v e s s e l s  i s  simply voided from th e ir  d i s t a l  ends in to  
the  eye s t a lk  s in u ses  whence i t  i s  f i n a l l y  returned to  th e  
h e a r t .
In Leander s o u i l l a  a s im i la r  p a t ter n  of  v e s s e l s  i s  
found. The three  medullas each have a ram ifying system  
of  f i n e  v e s s e l s  as has a lso  the lamina g a n g l io n a r i s .  Here 
again there  i s  a very r ich  supply ly in g  between th e  lamina  
g a n g l io n a r is  and the  basement membrane. No b lood  v e s s e l s  
were found d i s t a l  to the membrane. In s e r i a l  s e c t i o n s  
the  o p t ic  ar tery  was seen to  open through the  basement 
membrane i n  th e  dorsal  reg ion  of th e  eye ,  in to  the  
omma.tidial s in u s .  In the v e n tr a l  reg io n  of the eye a 
complex of s in u se s ,  s im i la r  to th a t  found i n  M. n o r v e g ic a  ^
was seen and i t  i s  through th ese  th a t  the blôod from the  
ommatidial s inus  reaches the  outer eye s t a l k  s in u s .
The eyes of Neohroos norvegica  were examined by 
d i s s e c t i n n  only .  A branch o f  the o p t i c  a r tery  was found 
a s s o c ia t e d  w ith  each nerve ganglion  and a r i c h  s u b r e t in a l  
supply was observed.
In  ij^ upagurus spp. th e  g a n g l ia  were r id d le d  with blood  
v e s s e l s  and an extremely r ic h  su b r e t in a l  supply was 
p r e s e n t .  No blood v e s s e l s  were found d i s t a l  to  the  
basement membrane though a la r g e  amount of  b lood was 
p rese n t  i n  the ommatidial s in u s .  Again the  ommatidial  
s in u s  opened in to  th e  outer eye s t a lk  s in u s .
In  the s e c t io n s  o f  Galathea sauamifera a branch cf 
the o p t ic  a r tery  to each gan g l ion  was found. The eye has  
a r i c h  su b r e t in a l  c i r c u l a t i o n  and a lso  a copious supply t o  
the lamina g a n g l io n a r i s .  Again no blood v e s s e l s  were 
found d i s t a l  to the basement membrane though blood was 
found between the  r e t i n u l a e .
A constant p a t ter n  of blood v e s s e l s  i s  thus apparent 
in  a l l  the  eyes  examined, a branch o f  the  o p t i c  a r tery  
being a s s o c ia te d  w ith  each of th e  three  medullas and with  
the  lamina g a n g l io n a t i s .  The f i n a l  branching of the main 
a r te r y  s u p p l i e s  the groups of o p t i c  nerve f i b r e s  proximal  
to  the  basement membrane as w e l l  as producing a very r ic h  
s u b r e t in a l  la y e r  of f i n e  v e s s e l s .  In  a l l  c a se s  the a r tery
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term in ates  at th e  b a sa l  membrane, th e  remaining blood  
p a ss in g  in to  th e  ommatidial s in u s .
The blood from th e  ommatidial s in u s  and from a l l  th ese  
systems of ram ifying v e s s e l s  f lo w s  in to  th e  eye s t a l k  
s in u s ,  whence i t  i s  returned to  the heart  v ia  the  g i l l s .
I f  the above r e s u l t s  are compared with Mayrat’ s for  
th e  mysid, Prau.nus f lexu .osu s . a s i m i l a r i l y  i s  immediately  
apparent. His drawing shows more d e t a i l  than f i g .  11 but 
i f  t h i s  f ig u r e  was made comparable to th at  of Mayrat the  
b a s ic  p a t ter n  would be obscured. He shows f i v e  main 
branches of the  o n t ic  a r tery ,  supplying the nerve g a n g l ia  
and th e  su b r e t in a l  reg io n  but has not found the main a r te r y  
term inating  in  the basement membrane as found in  the  
euphausid and decapods examined here .
In M. norvégien  th ere  i s  an extra  branch, the one to  
the photophore, no comparable branch being p resent  in  any 
of the other cru s ta cea  in v e s t i g a t e d .
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IV. The ÜE2 .
No account has been found of  th e  growth r e la t io n s h i p s  
of  the  egg and nucleus w ith in  the  ovary.
An adequate revue of  the l i t e r a t u r e  on the egg 
membranes in  Crustacea has been presented  by Yonge (1937)  
who o u t l in e d  th e  v ar iou s  hypothesès regarding t h e i r  o r ig in  
and number. He showed that the egg o f  Homarus v u l g a r i s  
had an inner  ch i t in o u s  membrane, secre ted  by th e  o v id u c ts ,  
and an outer c u t ic u la r  one, secreted  by glands in  the  
pleopods.
S im ilar  secre ted  membranes were found round the  
eggs of astacuran and brachyuran Crustacea (Yonge, 1935)•
Mawson and Yonge (1938) demonstrated an in ner  
c h i t in o u s  membrane secre ted  by the ov id u c t ,  and an outer  
c u t ic u la r  membrane, secreted  by u te r in e  g lands,  in  
Chiroceuhalus diarhanus (Anostraca). An inner  th in  
transparent membrane and two outer membranes were found 
round the  eggs of  t h i s  sp e c ie s  by H all  (1953) .
Marshall and Orr (195^) found two membranes round 
the eggs of  the copepods Calanus f inm arch icus .
C. f inm archieus var. h e lg o la n d ic u s . M etr id ia  lo n g a .
Acc.rtia c l  au s i , P seudocalanus m in u t i s . Buchaeta n o r v e g ic a . 
Qithona s i m i l i s and the freshwater s p e c ie s  Cvclous a g i l i s
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and C. v i r i d i s . They a lso  found two s im i la r  membranes 
round the harp act i c i d  T ipriorus fu lv u s  and i n  the  
s e m i-p a r a s i t ic  copepod Calizus ranax. The author 
(unpublished r e s u l t s )  concluded th a t  the eggs o f  Buchaeta  
norve.^ica had on ly  the c h i t in o u s  membrane round them, the  
c u t icu la r  s e c r e t io n  forming p r im a r i ly  the matrix of  the  
egg mass and on ly  second ar i ly  an outer membrane round 
most eggs.
The p erm eab il i ty  o f  the egg membranes o f  Homarus 
v u lg a r i s  was i n v e s t ig a t e d  by Yonge (194-6) who showed that  
the outer membrane i s  serai-permeable whereas the inner  one 
i s  f r e e l y  permeable. He concluded th a t  th e  outer  
membrane served to  p ro te c t  the embryo m echanica lly  and 
chem ically .
No d e s c r ip t io n  of the  o r ig in  and nature of the egg 
membranes o f  any euphausid has so f a r  been published  and 
th er e fo re  i t  was decided to make the  fo l lo w in g  i n v e s t i g a t i o n .
Development in the Ovary.
The mature ovary in  M. n o rv ee ica  l i e s  p a r t ly  a g a in st  
the hepatopancreas, p a sses  p o s t e r i o r l y  below the  
pericardium and extends in to  the  f i r s t  abdominal segment.
I t s  form and h i s t o l o g y  have been adequately  descr ibed  by 
Hacit) (:Li)]L:)).
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Fig .  1 5" The diameter of the nucleus shown as a percentage
of the egg diameter. L, I I ,  and I I I  are the three
phases in the development. The s ta g e  a t  which yolk  
g lob u les  appear in  the cytoplasm i s  shown.
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The grovrfch o f  th e  eggs w ith in  the  ovary i s  a 
continuous process  s t a r t in g  2 to  3 months b e fo re  egg- 
la y in g  takes  p la c e .  The eggs are packed c l o s e l y  
to g e th er  so th a t  they are not s p h e r ic a l  but i f  they  are  
te a se d  out of  th e  ovary t h e i r  diameter can be approximately  
determined. On r e le a s e  from th e  germinal s i t e  o f  the  
ovary th e  diameter i s  about 0 .0 3  mm. The ovary  
in c r e a s e s  in s i z e  as the  eggs grow la r g e r  and more are  
r e le a s e d  from the germinal areas .  Raab has d escr ib ed  
the cy to lo g y  and development o f  the eggs in the  ovary.
The o v a r ie s  are at about the  same s tage  o f  
development at the same time in  a l l  in d iv id u a ls  o f  one 
popu la t ion  of M. norveg ica  so that th e  mean diameter o f  
the eggs in the o v a r ie s  can be taken as r e p r e s e n ta t iv e  
of the s t a t e  o f  maturity o f  the p op u la t ion .  Samples 
were taken and the mean s i z e  at a g iven  date was 
c a lc u la te d  ( f i g .  1 3 ) .  The i n i t i a l  growth o f  the eggs  
i s  slow but i s  fo l low ed  by 5 weeks of  very a c t i v e  growth, 
the eggs in  the  o v a r ie s  being f u l l y  developed by the  end
of March. The f i n a l  s i z e  a t ta in ed  by th e  eggs was O.3 6
to 0 .38  mm diameter which i s  the  diameter of th e  egg minus 
the p e r i v i t e l l i n e  space once i t  has been l a i d .
The grovrth ra te  o f  the nucleus  was in v e s t i g a t e d
( f i g .  13) .  Again the i n i t i a l  in crea se  was àow but when
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th e  egg s ta r ted  to grow at a fa s te r  r a t e  the  expansion  
of the nucleus  acce lera ted  but did not f o l l o w  th e  same 
p attern  as that  of the  cytoplasm. This can be c l e a r l y  
seen when the  diameter of the  nucleus i s  graphed aga in st  
( f i g .  1 -^) and as a percentage of ( f i g .  15 ) th e  egg 
diameter. There then appear to  be th ree  phases  in  the  
growth o f  the egg. Since the growth curve fo r  th e  
nucleus  i s  smoother than the growth curve fo r  the  egg,  
and the egg measurement i s  an i n c l u s i v e  measurement, the  
v a r ia t io n s  of the  nucleus/egg  ra t io  must be caused  
p r im a ri ly  by a l t e r a t io n s  in  the ra te  of growth i n  volume 
o f  the cytoplasm.
In the f i r s t  phase, th e  cytoplasm in c r e a s e s  in  volume 
f a s t e r  than does the  nucleus.  Then two phases f o l lo w  in  
each o f  which i n i t i a l l y  the cytoplasm in c r e a s e s  in  volume 
at a slower ra te  than the nucleus. Almost th e  same 
in c r e a s e ,  about 0 .1 2  mm., in  the egg diameter ta k es  p la ce  
in  each phase though the middle one has a smaller  in c r e a s e ,  
about 0 .10  mm. I t  i s  in  the l a t t e r  part  of t h i s  middle  
phase, which i s  of shorter duration than the other two, 
th a t  th e  yolk  g lob u les  appear in  the cytoplasm.
Nature and P o s s ib le  Origin of the Sgg Membranes.
There i s  a space between the v i t e l l i n e  membrane and
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th e  two outer secreted  membranes which are u s u a l l y  
in d i s t in g u i s h a b le  from each other .  The v i t e l l i n e  
membrane i s  c l o s e l y  applied to  the  egg c e l l  and i s  
r a r e ly  d i s t in g u is h a b le  from i t  ( f i g .  l 6 A).
In the fo l low in g  account the v i t e l l i n e  membrane i s  
r e fe r r e d  to  as such while  the other two are r e fe r r e d  to  
as th e  inner and outer membranes r e s p e c t i v e l y .  The 
eggs used in  the fo l lo w in g  experiments were taken  in  
townets end f ix e d  in  10  ^ formalin in  sea water. The 
mean diameter of  the egg c e l l s  was C.4-0 mm., th e  mean 
t o t a l  diameter of the eggs being 0 .6 6  mm.
Twenty eggs were covered with a cold  sa tu rated  
s o l u t i o n  of  KOH. After 30 minutes the  outer membrane 
had separated from the inner one in  a number of c a s e s  
and was being d is so lv e d  in  o th ers  ( f i g .  l 6 B ) . The 
v i t e l l i n e  membrane was separating from the c e l l  o f  the  
egg. Twenty-seven hours l a t e r  the outer  and the v i t e l l i n e
membranes had disappeared and th e  egg c e l l s  were 
d i s in t e g r a t in g .  The inner membrane remained i n t a c t .
A further  twenty eggs were p laced  in  a t e s t  tube and 
covered with about 10 cc. of cold sa tu rated  KOR. This  
was then heated s low ly  i n  a g ly c e r in e  bath u n t i l  the  
temperature was l60*C. I t  was kept at t h i s  temperature  
for 15 minutes and then allowed to  coo l  in  t h i s  b ath .  At
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120®C. the eggs were no longer recogn isab le  and the  
s o lu t io n  was becoming d isco loured .  At 160°C. the eggs  
had disappeared and th e  so lu t io n  was a d e f i n i t e  brown 
colour.  After co o l in g ,  the  p ie c e s  o f  m ater ia l  which 
remained were removed, washed and a 0.255 s o lu t io n  o f  KI 
ad^ed to them. A blackenning of the m ater ia l  took p la c e  
suggest ing  th a t  i t  was chi t i n .
The membranes were further t e s t e d  by immersing 
twenty eggs i n  co ld  concentrated HCl. After  3 hours  
the outer and inner membranes had contracted  to  0 .5 2  
to  0 .5 5  mm. in  diameter. There was then a s l i g h t  
sw e l l in g  but a f t e r  27 hours of immersion they had a 
diameter of 0 .5 2  mm and the inner membrane was s ta r t in g  
to  separate from the outer .  I t  continued to  do so u n t i l  
they were com plete ly  separated ( f i g .  l 6, C). I t  then  
began t o  d i s s o lv e ,  further  suggest ing  a c h i t in o u s  nature ,  
w hile  the  outer and the v i t e l l i n e  membranes remained 
in t a c t .
Since the outer membrane was d i s s o lv e d  i n  KOH and 
remained in t a c t  in  HCl i t  would seem to be c u t ic u la r  
( i . e .  prote in )  i n  nature.
Hggs were a lso  immersed in abso lu te  a lco h o l  and 
d i s t i l l e d  water but no n o t ica b le  sw e l l in g  or shrinking  
took p la c e .
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An attempt was made to find th e  o r ig in  of the  
membranes. Females which had l a i d  or were about to  
l a y  eggs were f ix e d  in  10^ formalin  in  sea water and 
s e c t io n s  cut of the  ovary and ov id u c t .  Eggs were 
never found in  thb d i s t a l  reg ion s  o f  the oviduct of  
any of the  specimens examined.
The r i p e s t  eggs are found in  the v/ide proximal  
reg ions  o f  the ov id u cts  and though i t  i s  thought that  
they may be in v es ted  with a c h i t in o u s  membrane at t h i s  
stage i t  has been im poss ib le  to  rrove .  Chemical t e s t s  
were made on the eggs in  t h i s  r e g io n  but the r e s u l t s  
were n eg a t ive .
The glandular reg ions  o f  the o v id u c ts  are near 
th e ir  proximal ends which are th ic k  w alled  whereas the  
greater  mass o f  the  u te r in e  glands i s  around t h e i r  
d i s t a l  ends where the w a l l s  are one c e l l  th ic k  and the  
lumen i s  much la rg er .  In females which were f i x e d  
immediately a f te r  eggs had been l a i d ,  no s e c r e t io n  was 
found in  the proximal reg ions  of th e  ov id u c ts  but some 
was found in the openings o f  the o v id u c ts  to  the  
e x te r io r  ( f i g .  17, s ) . I t  s ta in ed  oranges^red \r ith  
M allory 's  t r i p l e  s ta in  and was i d e n t i c a l  in  colour with  
the granules in  the glands surrounding t h i s  part o f  th e  
oviduct ( f i g .  17), which would i n d i c a t e  th a t  i t  o r ig in a te d
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oviduct;  s ,  s e c r e t io n  of glands; sp, spermatozoa in  
spermatheca.
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from them. Yonge (1937) showed th a t  the c u t ic u la r  
membrane round th e  egg of Homarus v u lg a r i s  s ta in ed  t h i s  
orange-red co lour  with Mallory but th e  membrane in  
M. norve^ica i s  too  th in  fo r  v a l i d  s ta in in g  t e s t s .  I t  
i s ,  t h e r e fo r e ,  concluded that the  s e c r e t io n s  which form 
the  c u t ic u la r  membrane in  M. n orveg ica  are secre ted  
through the  w a l l s  o f  the ov iducts  in to  the wide lumen 
p r e se n t  here .  T his  supports th e  con c lu s ions  o f  Bargmann 
( 1937) who worked on Eu ch au s i  a superba.
The eggs must be in v es ted  with both membranes before  
f e r t i l i s a t i o n  takes  p lace  for spermatozoa hav# never been 
found i n s i d e  the ov iducts  in  t h i s  or any prev iou s  
i n v e s t i g a t i o n .  A d e s c r ip t io n  of how f e r t i l i s a t i o n  may 
be e f f e c t e d  i s  g iven  by Raab (1915) and supported by 
Bargmann (1937) .  F e r t i l i s a t i o n  seems to  be e x te r n a l ,  
the eggs being f e r t i l i s e d  as they p a ss  out o f  the  
o v id u c ts  p a s t  the  sperm mass.
On e x tr u s io n ,  the egg has a t o t a l  diameter of 0.64- mm. 
w h ile  the diameter of  the c e l l  i s  about 0 .3 8  mm. In  the  
la b o r a to r y ,  however, M. norvegica l a i d  small eggs which 
had a very  small p e r i v i t e l l i n e  space, t h e i r  mean t o t a l  
diameter being 0 .3 6  mm., but th e se  developed normally and 
n a u p l i i  hatched from them about 60 hours a f te r  they  were 
l a i d .
- 6^-
Since the c h i t i n  membrane must be acquired prior  
to  the  c u t ic u la r  and the eggs in  the  ovary do not seem 
to possess  i t  w h ile  newly extruded eggs do, the glandular  
proximal re g io n s  of t h e  o v id u c ts  presumably s e c r e t e  i t .
Some euphausids^ Nvctiphanes cou ch i i  (Einasson, 194-5), 
N. s implex (Boden, 1951) and N. cap en s is  (Boden, 1 955) ,  
r e t a in  th e ir  eggs in  sa cs .  These sire attached  to  th e  
endopodites o f  th e  6th and 7th th o ra c ic  l e g s  and the  
exop od ites  of th e  8th th o ra c ic  l e g s .  No inform ation  i s  
a v a i la b le  on the u t e r in e  glands in  th e se  s p e c ie s  but i t  
would be i n t e r e s t i n g  t o  know i f  each egg has on ly  one 
membrane, the c h i t in o u s  one, and whether the  binding  
substance i s  homologous with the outer membrane i n  
M. norvegilca.
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V. L ary a l  De v e l  op m e n t .
The ea r ly  work on th e  larvae  of  th e  Euphausi ace a 
was concerned with i d e n t i f y i n g  them in  the plankton.
The e a r l i e s t  i d e n t i f i c a t i o n  was by Dana (Claus, 1063) 
who thought they  were adult forms and named them 
se p a r a te ly .  G.O. Sars employed the names g iven  by Dana 
to  d i s t in g u i s h  between the d i f f e r e n t  phases o f  l a r v a l  
development.
The eggs o f  some euphausids are shed f r e e l y  in t o  
the sea ,  i n  o th ers  they  are re ta ined  in  egg sacs .
N au p li i  hatch from th e s e  eggs and th e se  moult to  a second  
nauplius  s tage  fo l low ed  by a metanauplius s ta g e .  The 
abdomen develops during the fo l lo w in g  three  c a ly p to p is  
s t a g e s ,  the 3rd c a ly p to p is  larva  having an abdomen w ith  
the f u l l  compliment o f  segments before  i t  moults to  the  
f i r s t  f u r c i l i a  s ta g e .  F u l ly  developed pleopods are  
u s u a l ly  acquired in  the f i r s t  2 or 3 f u r c i l i a  s ta g e s  but 
they  can develop in  severa l  ways thus g iv in g  r i s e  to  the  
v ar io u s  forms of  larvae  w ith in  one s ta g e .  This  
v a r i a b i l i t y  o f  form i s  not confined to  th e  e a r l i e r  
f u r c i l i a  s ta g es  but i s  found throughout the l a t e r  
development. Early workers d escr ib ed  each form as a 
stage  and th e  f i r s t  2 f u r c i l i a  s ta g e s  were thus subdivided  
in to  11 staged by Macdonald (1927b).
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Larval s ta g e s  were a l s o  c l a s s i f i e d  on the p resen ce  
or absence o f  photophores, larvae  w ith  th e  f u l l  
complement being known as cyrtop ia  s t a g e s ,  but t h i s  terni 
i s  now o b s o le s c e n t .
The work remained in  t h i s  d e s c r ip t i v e  phase u n t i l  
Macdonald (1927b) suggested that the  la r v a e  in  the  Clyde 
passed through fewer s ta g es  than e lsew here .  Rustad (193^) 
a lso  found c e r t a in  la r v a l  forms p resent  in  much g rea ter  
numbers than o th ers  and h i s  co n c lu s ion s  supported  
Macdonald’ s su g g es t io n s .
Fraser (1936) was the  f i r s t  to  re c o g n ise  c l e a r l y  t h a t  
each larva  does not pass through each form found in  the  
plankton but th a t  there  were c e r ta in  dominant forms, the  
bulk o f  the la r v a e  moulting from one dominant form to  th e  
next .  He showed that n o n -se to se  p leopods became s e t o s e  
at th e  next moult and suggested th a t  forms rep resen ted  by 
small numbers of specimens in  the p lankton  were v a r ia n t  
forms.
A fu rth er  advance was made by E inarsson  (194-5) who 
descr ibed  and c l a s s i f i e d  the various  l a r v a l  forms in  th e  
northern A t l a n t i c .
A tten t io n  has been centred on p leop oda l  development 
in  the e a r ly  f u r c i l i a  s tages  and the  v a r i a t i o n  in  the  
general morphology of the larva e  has tended to  be l e s s
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considered s in ce  the work of Fraser and Einarsson.  
Heegaard (194-8) and Bary (1956) ,  however, have 
emphasized th a t  the morphological c h a r a c t e r i s t i c s  of  
the larvae  w ith in  each s tage  vary very much. Heegaard 
su gges ts  that ec d y s is  and morphological development may 
be independent and hence larv a e  moulting i n t o  the  next  
stage  may not have the same morphological c h a r a c t e r i s t i c s ,
Sheard (1953),  working with very  la r g e  numbers of  
larva e  of  Nvctiphanes a u s t r a l i s , showed the v a r io u s  ways 
by vyhich a la rv a  o f  that sp e c ie s  can a t t a i n  the adult  
form. Consequently, he c l a s s i f i e d  the larvae  in to  3 
c l a s s e s ,  f u r c i l i a  I ,  I I ,  and I I I ,  in  order to  provide  a 
b a s ic  nomenclature for  comparing l a r v a l  development in  
d i f f e r e n t  sp e c ie s .  His f u r c i l i a  I comprised la rv a e  with  
the eyes fr e e  o f  th e  carapace and th e  pleopods absent or 
p resent  as n o n -se to se  rudiments; h i s  f u r c i l i a  II  
comprised larvae with some or a l l  p leopods s e t o s e  and 
the p a ir  o f  long l a t e r a l  t e l s a l  sp ines  u na ltered  at the  
base; h i s  f u r c i l i a  I I I  comprised la rv a e  with a l l  
pleopods fu n c t io n a l  and the shape o f  th e  base o f  th e  
long l a t e r a l  sp ines a l ter ed .
In t h i s  work, new data on the l a r v a l  forms of 
M. norv eg: ic  a i n  the Clyde sea area are presented .
Lebour (1925) descr ibed  the various  l a r v a l  forms found
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in  the  plankton o f  the Plymouth area. The la rv a e  
o r ig in a t in g  from the population  o f  M. norveg ica  in  
Upper Loch Fyne were studied  by Macdonald (1927b).  
Einarsson (194-5) in v e s t ig a t e d  the  la r v a l  development 
of t h i s  s p e c ie s  i n  the  northern A t la n t i c .  Heegaard 
(194-8) descr ibed  the e a r ly  f u r c i l i a  forms i n  the  
Bonnefjord and d isc u sse d  the v a r ia t io n s  which he 
demonstrated in  the morphological c h a r a c t e r i s t i c s  of  
larvae  w i th in  one s ta g e .
The e a r l i e r  l a r v a l  s ta g es  were sampled by 4- f i n e  
toT'/nets so arranged on the warp as to f i s h  the fo l lo w in g  
depths s im ultaneously:  surface ,  5&m., 100 m., and l 50m.
Four medium townets were s u b s t i tu te d  to catch the o lder  
larvae .
Samples were taken at l e a s t  once a week in  v a r io u s  
regions o f  the Clyde sea area throughout th e  breeding  
season.
The larv a e  o f  M. norvegica have been c l a s s i f i e d  in to  
f u r c i l i a  s ta g e s  according to Einarsson* s (194-5) 
d e s c r ip t io n s  which were found t o  be accurate .  Thus no 
d e ta i le d  morphological d e sc r ip t io n s  o f  the larvae  are  
presented  here .
The c a ly p to p is  s tages  of  M. norvegica  were examined 
and the mean measurements, from the rostrum to  the d i s t a l
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point  of th e  t e l  son excluding the s e ta e ,  are compared 
in  Table 2 with  those  presented  by Lebour (1924-),
E inarsson (194*5) and Heegaard (194-8).
Table _2._
Lebour Einarsson Heegaard Author 
Calyptopis  I 1 .0 2  mm. 1 .0  mm. 0 .8 5  mm. 1 .0 3  mm.
I I  1 .6  mm. 1 .5  mm. 1 .57  mm. 1 .5 9  mm.
I l l  2.4- mm. 2 .5  mm. 2 .13  mm. 2.44j mm.
Personal measurements of the three  s ta g e s  are 
i d e n t i c a l  with th o se  o f  Lebour and are very  c l o s e  to  
Einarsson* s.  Heegaard*s measurement of the  f i r s t  
ca ly p to p is  s tage  in  Gulmarfjord i s  at the lowest  end of  
th e  range in  s i z e  found in  the Clyde. He measured oh ly  
12 c a ly p to p is  specimens and does not s t a t e  how many o f  
each stage  th ere  were but h i s  measurement for  the th i r d  
s tage i s  l e s s  than that of the sm a l le s t  one found in  t h i s  
i n v e s t i g a t i o n ,  which suggests  th a t  h i s  th ir d  s tage  larvae  
were indeed sm aller .
The percentage in c idences  of th e  va r io u s  
morphological forms found in  the f i r s t  two f u r c i l i a  s ta g e s  
were in v e s t ig a t e d .  In order to  compare th ese  r e s u l t s  
with those  o f  Macdonald (19270 and Einarsson (194-5) the  
form with no p leorods has been included  with those  having
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two f u r c i l i a  s ta g es  by Macdonald, E inarsson , and the  
author.
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s ign  " d es ign a tes  a s e t o s e  pleopod.
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n o n - s e to s e  p leopods .  The f u r c i l i a  I I  specimens are  
th o se  w ith  both s e to s e  and n o n -se to se  pleopods p r e s e n t .
The p ercen tages  were ca ld u la ted  sep a ra te ly  in  both  
s ta g e s  ( f i g .  l 8) .
The r e s u l t s  f o r  f u r c i l i a  I are more l i k e  those  o f  
Einarsson then Macdonald. The form v/ith two n o n - s e to s e  
pleopods occurred l a t e r  in  the la r v a l  season, which 
extended from the  f i r s t  week o f  April  u n t i l  mid-July.
Three specimens if ith  2, and 122 with 3 n o n -se to se  
pleopods were caught b e fo re  13th May. On 13th May, 
however, 24- specimens with 2 , and 40 wi th 3, n o n - s e to s e  
pleopods were found in  the  tow n ett ings  examined. A fter  
th e  13th  very  few f u r c i l i a  I and I Î  la rv a e  were caught 
i n  the  Clyde sea area even though sampling continued  
every week u n t i l  Ju ly .
The f u r c i l i a  I I  r e s u l t s  present a d i f f e r e n t  p i c t u r e  
from th a t  of both prev iou s  authors.  Macdonald found  
5255 and Einarsson 21$ of th e  specimens i n  t h i s  s ta g e  
varying  from the dominant form. In the present  
i n v e s t i g a t i o n ,  however, on ly  5% o f  the t o t a l  were v a r ia n t s .
The f u r c i l i a  were c l a s s i f i e d  according to E inarrson*s  
d e s c r ip t io n s ,  the  range of measurements w ith in  a s ta g e  
being shown in  f i g .  19. Both the  th ird  and fourth  f u r c i l i a  
s ta g e s  have term inal  sp in es  but i n  the th ird  s tag e  the
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endèpod of the antenna i s  not segmented. The mean s i z e  
of each s tage  i s  compared *dth Zinarsson' s measurements 
i n  Table 3»
Table
F u r c i l ia I II I I I IV V VI VII VIII
Dinarsson 3 .0 k.O 5 .0 6 .0 7 .0 7 .5 8 .0 8 .5  mm.
Author 2 .8 3.7 ^•5 5 .7 6 .8 7 .5 9 .1 1 0 .9  mm.
Sinarsson  does not s ta te  how many specimens of  each 
stage were measured but i t  i s  most i n t e r e s t i n g  that  the  
in crease  in  s i z e  at moulting seems to  be r e l a t i v e l y  l e s s  
i n  h is  l a t e r  s tages  than in  those  here examined.
The mean s i z e s  o f  the v a r ian t  tad dominant forms in  
the f u r c i l i a  s tages  were ca lc u la te d  (Table h) and the  
number of specimens o f  each form measured i s  shown in  
brackets .
Although the numbers are sm al l ,  in creas in g  s i z e  i s
».a sso c ia te d  with greater  s tru c tu r a l  complexity. The 
specimen with four t e l  sa l  spines i s  an exception  as i t  i s  
larger  then the mean s i z e  of  th o se  w ith  three  sp in es .
A s im ilar  c o r r e la t io n  has been shown for various  
sp ec ies  by oheard (1953) and by many other authors w ith  
fewer numbers o f  larvae a v a i la b le  to  them.
Heegaard (19W) thinks that each nauplius stage l a s t s
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3 - 4  days, each c a ly p to p is  s tage  a l i t t l e  lo n g er ,  and 
each f u r c i l i a  s ta ge  about 7 - 8  days. In the  p r e s e n t  
i n v e s t i g a t i o n  each nauplius  s ta g e  l a s t e d  3 days and each  
c a ly p to p is  3 - 4  days. No f u r c i l i a  la rv a e  moulted i n  
the laboratory  but from the continued sampling o f  th e  
natural  p opu la t ion  the average duration of  each s ta g e  i s  
thought to  be 5 -  6 days.
The v e r t i c a l  d i s t r i b u t i o n  o f  the larvae  o f  
M. norven:ica i n  th e  sea during d a y l ig h t  hours was 
i n v e s t ig a t e d  ( f i g .  20 ) .  A l l  s ta g e s  except f u r c i l i a  VII 
and VIII were found from surface  to  bottom but the  la y e r  
of  g r e a te s t  abundance was about 5G m. F u r c i l i a  VII and 
VIII l i v e d  much c lo ser  t o  the  bottom than the r e s t  and 
behaved more l i k e  the a d u l t s .
A d iurna l  v e r t i c a l  m igrat ion  of the la rv a e  ta k es  
p la c e  but s in c e  th ere  are always la rv ae  p resent  in  th e  
surface  l a y e r s  i t  i s  not so marked as th a t  of th e  a d u l t .
The gut o f  the nauplius i s  not fu n c t io n a l .  Sars  
( 1898) thought th a t  the metanauplius f e e d s  but Taube (1915)  
s t a t e s  that  there  i s  no connection  between the mouth and 
mid-gut. Macdonald (1927a),  s t a t e s  th a t  th e  gut i s  
fu n c t io n a l  but he did not f in d  food in i t .  A green mush, 
almost i d e n t i c a l  to  the substance Macdonald (1927a) c a l l s  
f l o c c u l e n t  d e t r i t u s ,  was found i n  the stomachs o f  10% o f
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the m etanaupli i  here examined.
Vegetab le  d e t r i t u s ,  a few diatoms, some f i lam entous  
a lgae  and a lg a l  spores ,  fragments of  d i n o f l a g e l l a t  es  and 
mud p a r t i c l e s  were present  in the gut of the la rv ae  
examined. Green mush was a lso  p r e s e n t ,  more so in  the  
e a r l i e r  f u r c i l i a  s ta g es  than th e  l a t e r  ones.
Â few of the f u r c i l i a  VII and V II I  specimens  
examined a lso  contained cnustacean remains.
’fnen a crustacean  la rv a  moults i t  in c r e a s e s  in  s i z e .  
I f  a la r g e  sample o f  the la r v a e  o f  one s p e c i e s  i s  
measured and th e  r e s u l t s  analysed on a len g th / freq u en cy  
d i s t r i b u t i o n  a regular  polymodal d i s t r i b u t i o n  i s  obta ined.  
The increments o f  the modes at each moult i s  not u s u a l l y  
constant  but i s  always s i g n i f i c a n t .  I f  one la r v a l  
s ta g e ,  th a t  i s  one mode, i s  m issing or there  i s  one too  
many then the curve becomes i r r e g u la r  in  that  reg ion .  
Measurements of  the  la rv a e  w ith in  a s tag e  conform t o  a 
normal d i s t r i b u t i o n  on a len g th / freq u en cy  graph.
As already shown (Table 1) Heegaard's measurement 
for  the  c a ly p to p is  I I I  s tage  of M. norveg:ica i s  smaller  
than that o f  other authors but t h i s  may be because th ere  
i s  an extra  i n s t a r ,  the form with no p leopods ,  in  the  
Gullmarf jord.
Heegaard r e f e r s  to  Lebour (1925) and Madonêld (1927b)
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who found t h i s  form without pleopods and asks “ • • •  does  
( s i c ; the  oceanic  specimens of  M. n orveg ica  develop  
without t h i s  s tage  at Ice la n d ,  whence Dinarsson obtained  
h i s  m a ter ia l ,  contrary to  the development i n  the th ree  
other in v e s t ig a t e d  l o c a l i t i e s  with n e r i t i c  specimens?"
He su ggests  that  Dinarsson may have overlooked t h i s  
form but i f  Macdonald's (1927b, p. 790) r e s u l t s  are  
examined i t  w i l l  be seen that he found on ly  6 specimens  
with no pleopods as compared w ith  80 specimens w ith  
n o n -se to se  pleopods, which su gg es ts  that the  form with  no 
pleopods was a variant  form. The p resen t  author found  
one specimen ( f i g .  8) and Lebour (1925) does not s t a t e  how 
many she found; her measurements of th e  c a ly p to p is  I I I  
larva e  and the  larvae with  n o n -se to se  pleopods are  
i d e n t i c a l  to those found here so that i t  i s  u n l i k e l y  that  
a d i s t i n c t  s tage  with no pleopods e x i s t e d  between them.
I t  would seem, th e r e fo r e ,  that  the la r v a e  in Gullmarf jord  
are p e c u l ia r  in  having t h i s  form as a d i s t i n c t  l a r v a l  
s tag e .
Macdonald worked in  Upper Loch F y ne and found a 
la rg e  number o f  variant forms in  the f i r s t  # o  f u r c i l i a  
s ta g es  ( f i g .  l8 )  whereas the author sampled Lower Loch Fyne 
and th e  F ir th  of Clyde and found even fewer v a r ia n t s  than  
Dinar s son at Ice land .  M. nor v e s i c a  seems to  have been
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more p l e n t i f u l  in  Upper Loch Fyne i n  1927 than i n  recent  
years  and i t  may be that  th e  environmental c o n d i t io n s  
have changed.
A l l  the v a r ia n t  forms of the f u r c i l i a  s ta g e s  
occurred in  the p lankton some time a f t e r  the  dominant 
form's were common. VJhether food co n d i t io n s  or 
hydrographical  co n d it io n s  caused t h i s  i s  not known biit 
Broad (1957) showed th a t  the q u an t i ty  and type of ibod 
a v a i l a b l e  a f f e c t s  the frequency of moulting and the ra te  
o f  development of larvae  of Palabmonetes nugio and 
P. vuls^raris. The frequency o f  moulting was found to  
be independent o f  the r a t e  of development so th a t  
v a r i a t i o n  in form and frequency of la r v a l  s ta g e s  arose .
I t  has been suggested  th at  the ocean ic  c o n d i t io n s  
would be more uniform than the c o a s ta l  ones and that  
t h i s  i s  why oceanic  euphausids have fewer v ar ia n t  forms 
w ith in  the  la r v a l  s ta g e s .  E inarsson showed th at  the  
degree of dominance of a form w ith in  a l a r v a l  s tage  o f  
M, norve^ica v a r i e s  at d i f f e r e n t  s t a t i o n s  and Sheard (1953) 
has presented  even more co n c lu s iv e  r e s u l t s  for  Nvctinhanes  
a u s t r a l i s .
Thus in  order to e lu c id a te  the development of any one 
euphausid s p e c ie s  samples have to  be taken throughout the  
whole per iod  and area when and where la rv a e  are p rese n t .
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Nomenclature of Euphausid l a r v a e .
The nomenclature used to d escr ib e  the l a r v a l  
development of the EuNhausiacea i s  s t i l l  a major problem, 
s e q u e n t ia l  s ta g es  in  crustacean la rv a e  are u s u a l ly  
a s s o c ia te d  with s e q u e n t ia l  moults but t h i s  i s  not so  in  
the Kuphausiacea  u n le s s  the la r v a l  s ta g es  are named 
s ep a ra te ly  f o r  each s p e c i e s .
I t  i s  now recogn ised  that  th e  number of  l a r v a l  
moults in  a s p e c ie s  i s  not constant but that  most o f  th e  
larvae  fo l lo w  th e  same developmental path w h i le  th e  
remainder p ass  through var iou s  numbers o f  moults. l\fhen 
sev e ra l  authors r e f e r  to the la rv a e  o f  v a r io u s  s p e c ie s  
as " f u r c i l i a  III" i t  i s  o f  advantage to  know th a t  t h e s e  
la rv a e  are at comparable s ta ges  of development.
Sheard suggested that  the f u r c i l i a  la r v a e  should, be 
c l a s s i f i e d  under the fo l lo w in g  headings:
F u r c i l i a  I Pleopods absent or present  as n o n - s e to s e  
rudiments.
I I  Some or a l l  pleopods s e to s e .
I l l  A l l  p leopods se to se  and f u n c t io n a l .
I f  a l l  ca ly p to p is  larvae  moult to  f u r c i l i a  larvae  
wit bout any pleopods then th e s e  form a d i s t i n c t  s tage  as  
they need another moult to  acquire n o n -s e to s e  pleopods.
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This form i s  found in  most o f  the S ty lo  chair  on. spp.
(F r o s t ,  1935; Lewis, 1955) and Thysanoessa spp.
(Rustad, 1930, 1934; Einarsson, 194-5) i n v e s t i g a t e d .
I t  may or may not form a d i s t i n c t  la r v a l  s ta g e  in  
Nvctinhanes spp. (Sheard, 1953; Boden, 1955)• Therefore  
i t  may be a l a r v a l  s tage  in  some s p e c ie s  of  a genus and 
not in  o th ers .
Heegaard (1948) records i t  as a d i s t i n c t  s tage  in  
the development of M. norvoFica i n  the  CPullmarf jord  
whereas Einarsson (1945) at Ice land and Macdonald (1927b) 
and the  author in  the Clyde sea area found i t  present  
only  as a var ian t  form. I t  seems, then , that th ere  may 
be a v a r ia t io n  w ith in  a sp ec ie s  i n  the  number o f  moults  
passed through by the greater  percentage of th e  specimens  
when severa l  sea areas are compared. This a f f e c t s  the  
numbering of th e  s ta g es  so that the f u r c i l i a  I d escr ib ed  
by Heegaard (1948) does not have the  same morphological  
c h a r a c t e r i s t i c s  as that described by E inarsson (1945) .
In sp e c ie s  which do not have a f u r c i l i a  larv a  
without pleopods the ca ly p to p is  I I I  larvae  moult d i r e c t l y  
to a larv a  with n o n -se to se  uleopods. The number o f  
pleopods uresent may vary from s p e c ie s  to  s p e c ie s  or 
w ith in  a s p e c ie s .  U su a l ly ,  however, one form i s  p resen t  
at a higher frequency than th e  o thers  and t h i s  has been
- 82-
termed the  "dominant form". Uhe n o n - s e to s e  pleopods  
in  a l l  la r v a e ,  whether derived from c a ly p to p is  I I I  
la rv a e  or f u r c i l i a  la rv a e  without p leopods ,  acquire  
s e ta e  at the succeeding moult in  a l l  the  s p e c ie s  
i n v e s t i g a t e d .
I t  would seem of va lue ,  th e r e fo r e ,  to  group th e s e  
la rv ae  together  as f u r c i l i a  I and d escr ib e  each form 
found, t h e i r  range in  s i z e  and numerical in c id e n c e .
A pleopod develops f i r s t  as a n o n -s e to s e  rudiment 
which at th e  next moult acquires s e ta e .  The a n te r io r  
abdominal segments acquire n o n -se to se  or s e t o s e  p leopods  
f i r s t .  That i s ,  a f u r c i l i a  I larva  with n on -se to se  
pleopods u s u a l ly  moults to  a f u r c i l i a  I I  la rv a  in  which 
the  n o n -se to se  pleopods are s e to se  and the  blank segments  
have n o n -se to se  p leopods.  At the fo l lo w in g  moult a l l  
th e  segments have s e t o s e  uleopods.
There are ,  however, excep tions  to  t h i s .  In  
Nvctiuhanes simplex (Boden, 195D, the  f u r c i l i a  I la r v a  
with 3 n o n -se to se  pleopods u s u a l ly  moults t o  a la rv a  with  
5 s e t o s e  u leopods.  Where most la rv a e  in  f u r c i l i a  I I  of 
a s p e c ie s  have one or more of  the p o s te r io r  abdominal 
segments without pleopods and the most a n ter io r  segments 
have s e to s e  uleopods, two moults are required to  produce  
a la r v a  with 5 s e to s e  nleopods. This happens in
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ùtvlQ cheiron lon g icorn e  (F rost ,  1935),  Duphausia 
l o i i R i r o s t r i s , D. s p in i f e r a  (John, 1936) and p o s s i b l y  in  
a few o th ers .  In other s p e c ie s ,  where t h i s  i s  not the  
normal path o f  development, a v a r ia b le  percentage o f  the  
la rv a e  develop in  t h i s  way and so have an ex tra  moult.
The number of moults from the time a la r v a  acquires  
n o n -se to se  pleopods u n t i l  the pleopods become fu n c t io n a l  
can thus vary. Sheard has ascr ibed  a l l  forms with  
s e t o s e  and n o n -se to se  pleopods to  f u r c i l i a  I I  but has  
a ls o  inc luded  wnth them forms ivlth 5 s e to s e  p leopods .
The la r v a l  form with  5 s e to s e  pleopods and the t e l s a l  
s p in e s ,  u s u a l ly  7 in  number, unreduced i s  the cause of  
some disagreement in  the  l i t e r a t u r e .  Duphausia s p e c ie s  
(Bary, 1956; John, 1936) have only  one l a r v a l  in s t a r  
\d-th 7 term inal  t e l  sa l  sp in es  and 5 s e t o s e  p leopods.
Boden (19 5 1 ) ,  however, suspects  that  th e r e  are s e v e r a l  
l a r v a l  s ta g e s  o f  t h i s  type in  Eurhaus i a  p a c i f i c a . 
Thysanoessa inermis has 3 and T. r a s c h i i  4 co n secu t iv e  
s ta g e s  (E inarsson, 1945) v;hich have 5 s e to s e  p leopods and 
7 term inal  sp in es  on the  t e l s o n ,  the  s ta g e s  being  
i d e n t i f i e d  by the comparative development of th e  th o r a c ic  
appendages. M. norvee ica  has two such s ta g e s  whereas  
Pseudeuphausia l a t i f r o n s  ( T a t t e r s a l l ,  1936) has no such 
s ta g e ,  the  t e l s a l  sp in es  being reduced by the time the
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l a r v a  has 5 s e t o s e  pleopods.
Boden (1950, 1951, 1955) has used the  p resence  or 
absence of  antennal endopod "segmentation" and the  
re d u c t io n  sequence of the t e l s a l  sp in es  to  c l a s s i f y  the  
l a r v a e  o f  the  s p e c ie s  he i n v e s t ig a t e d .  In Euuhausia 
p a c i f i c a  about 40jï of  the  la rv a e  with 5 t e l s a l  sp in es  
and i n  Nvctiuhanes simplex and N. ca n en s is  about 50^ 
of the la rv a e  v.rLth 3 sp in es  had the sn tennal endopod 
segmented. These seem to  be v a l i d  s ta g e s  judging by 
the  measurements he p r e s e n t s .
The p o in t ,  however, at which endopod "segmentation"  
ta k es  p la c e  i s  v a r ia b le  when r e la t e d  to  th e  t e l s a l  sp ine  
red u ct io n  sequence in  various  s p e c ie s  w ith in  a genus and 
d i f f e r s  very  much from genus to  genus.
In almost a l l  euphausid s p e c i e s ,  however, the  
s e q u e n t ia l  red u ct ion  of the  term inal t e l s a l  sp in es  seems 
to  be a constant f e a tu r e  although red u ct io n  occurs i n  
v a r io u s  ways. The larvae  with  s e to s e  and n o n - s e to s e  
pleopods u s u a l l y  moult to larvae  with 5 s e to s e  p leopods  
and the  t e l s a l  sp ines  not reduced in  number. The knoim 
ex c ep t io n s  to  t h i s  ru le  are Pseudeuphausia l a t i f r o n s  
( T a t t e r s a l l ,  1936) and Nematoscelis  microps (Gurney, 194?) .  
The term inal  sp in es  may be reduced in  number at the  next  
moult (some Duphausia spp.) or as many as 4 s u c c e s s iv e
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moults may take p la ce  before  the red u ct ion  begins  
(Thysanoessa r a s c h i i ) .
Therefore ,  cons ider ing  a l l  th e s e  f a c t s  i t  would be 
b e t t e r  to  exclude a l l  specimens with 5 s e to s e  pleopods  
and 7 t e l s a l  sp in es  from f u r c i l i a  I I  u n le s s  they were 
o b v io u s ly  derived  d i r e c t l y  from f u r c i l i a  I la rva e  with  
5 n o n - s e to s e  pleopods or t h e i r  morphological c h a r a c t e r i s t i c s  
made i t  obvious th a t  they  should be c la s s e d  with  f u r c i l i a  II  
la rv a e .  In s tea d ,  i t  i s  suggested  that th ese  larvae  be 
c l a s s i f i e d  by them selves as f u r c i l i a  I I I  and the number o f  
i n s t a r s ,  t h e i r  form, in c id e n c e  and s iz e -r a n g e  d escr ib ed .
There now only  remain the  larvae  in  which the t e l s a l  
sp in es  are reduced in  number. Various authors (E inarsson ,  
1945) have examined the p o s s i b i l i t y  of  u s in g  the l a t e r a l  
t e l s a l  sp in es  as characters  for  id e n t i f y i n g  the l a t e r  
f u r c i l i a  s ta g e s  but have concluded that  th er e  i s  far  too  
much v a r i a t i o n  between s p e c ie s  to  make t h i s  u s e f u l .
Boden (-1955) has c r i t i c i z e d  Sheard (1953) fo r  'lumping* 
the l a t e  f u r c i l i a  la rv a e  together  as f u r c i l i a  I I I .  He 
s u g g e s ts  th a t  the concept of dominance i s  s t i l l  u s e f u l  
and so they should remain separate  and d i s t i n c t l y  named. 
Sheard*s in c lud in g  them toge ther  under one heading, however, 
does not obscure t h i s  concept as one p r o v is io n  i s  th a t  the  
s e v e r a l  i n s t a r s  should be d escr ibed .  One strong c r i t i c i s m
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Fig” 21. S iz e  ranges of the la r v a l  s ta g e s  of some 
euphausids.
a ,  K. noi-vcoiea: B, Buphausia v a l l e n t i r . i . (John,
1936);  C, 2 . f r i g i d a . (Jolin, 1936); D, ITyctiphane 
ra u s t r a l i s  (Barv. 1956); E, E. a u s t r a l i s , (Sheard,
1953).
The numerals at the l e f t - h a n d  s id e s  o f  the histograms  
r e fe r  to  the number of  terminal t e l s a l  sp in es .
.87"
made by  Boden o f  Sheard  i s  t h a t  h i s  f u r c i l i a  I I  l a r v a e  
a re  d i s t i n g u i s h e d  from h i s  f u r c i l i a  I I I  l a r v a e  by an  
a l t e r a t i o n  i n  t h e  shape o f  t h e  base  o f  t h e  l a t e r a l  s p i n e s  
on t h e  t e l s o n .  T h is  i s  c e r t a i n l y  u n s a t i s f a c t o r y  and 
l e n d s  su p p o rt  t o  th e  s u g g e s t i o n s  made h e r e .
The s i z e  range o f  la r v a e  w i t h i n  a s t a g e ,  Which"" on a 
s i z e / f r e q u e n c y  h i s t o g r a m  should  conform to  a normal  
d i s t r i b u t i o n  c u r v e ,  s h o u ld  n o t  d e c r e a s e  when l a r v a e  
m oult  t o  t h e  f o l l o w i n g  s t a g e .  I n s t e a d ,  i t  sh o u ld  
remain c o n s t a n t ,  a c c o r d in g  t o  t h e o r e t i c a l  m a th em a t ic s ,  
or a c c o r d in g  t o  some b i o l o g i c a l  t h e o r i e s  i t  sh ou ld  i n c r e a s e .  
I n  M. n o r v é g i e n  ( f i g .  21) i t  rem ains  a lm ost  c o n s t a n t  u n t i l  
t h e  i n s t a r  w i t h  1 t e l s a l  s p i n e  when i t  i n c r e a s e d  by a h a l f .
The range in  s i z e  of th e  larvae  of  Nvctinhanes  
a u s t r a l i s  ( f i g .  21, Sheard) with 3 t e l s a l  sp ines  i s  l e s s  
than h a l f  th a t  o f  la rv a e  w ith  5 t e l s a l  sp in es .  S in ce  
th ere  i s  a r e la t io n s h i p  between the  s i z e  o f  a la rv a  and 
i t s  morphology th e  author would suggest  th a t  the la rg er  
specimens with 5 sp in es  had them reduced to  one at the  
next moult and th u s  omitted a 3 spine s tage  and th a t  the  
3 spine la rv ae  Sheard found were derived from the smaller  
la rv a e  with  5 s p in e s .  Sheard found that la rv ae  w ith  5 
t e l s a l  sp ines d id  indeed have them reduced to  one at the  
next moult. He a l s o  found that  7 t e l s a l  sp ines  could be
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reduced to 3 in  one moult and a s im i la r  exp lan at ion  would 
f i t  t h i s .
Bary (1956) with fewer numbers of larv a e  of  
N. a u s t r a l i s  did not f in d  t h i s  decrease  in  s iz e - r a n g e  but the  
lower l i m i t  of th e  s i z e  range o f  la rv a e  w ith  1 t e l s a l  sp ine  
( f i g .  21) i s  much l e s s  than th e  lowermost l i m i t  o f  the  
supposed proceeding s ta g e .  This seems to  be a f a i r l y  
common phenomenon ( f i g .  21, S. f r i ^ i d a . E. v a l i e n t  i n i )  and 
would be explained i f  a number o f  th e  larva e  om itted  a 
s tage  in  the  t e l s a l  sp in e  reduct ion  sequence.
The red u ct io n  sequence i s  6 -4 -2 - 1  in  S ty lo c h e ir o n  
suhmii (Lebour, 1926) and th ere  are very  many s p e c ie s  
where the p o s s ib l e  sequence i s  not known. Thus i t  i s  
by no means obvious th at  the t e l s a l  spine red u ct io n  
sequence i s  a v a l i d  way o f  c l a s s i f y i n g  th e  la r v a e .  I t  
would, however, be o f  va lue  to  c l a s s i f y  th e s e  la rv ae  
tog e th er  as f u r c i l i a  IV and d escr ib e  the dominant i n s t a r s ,  
t h e i r  s iz e -r a n g e  and frequency.
C onclusions.
No id e a l  l a r v a l  c l a s s i f i c a t i o n  can be devised  fo r  
the Ijjirhausiacea and consequently  th e  most u s e f u l  form 
should be adopted. An attempt has been made in  t h i s  
paper to show th a t  the l a r v a l  development in  euphausids
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can be s p l i t  in to  4 phases .
In the f i r s t  phase, th e  c a ly p to p is  la rv a  moults  
to  a la rv a  which e i th e r  has or acquires  at th e  next  
moult n o n -se to se  p leopods.  There are thus e i t h e r  one 
or two moults in  t h i s  phase depending on whether th e r e  
i s  an in s ta r  w ithout p leopods.
In the second phase the la rv a e  with n o n -se to se  
pleopods moult to  larvae  w ith  s e to s e  and n o n -se to se  
pleopods .  In  a few s p e c ie s  there are larvae  ivith 5 
s e t o s e  pleopods derived from a dominant f u r c i l i a  I form 
with 5 n o n -se to se  pleopods and thede should be in c lu d ed  
here and the  s i t u a t i o n  made c le a r .  U su a l ly  th e r e  i s  
one moult in  t h i s  s tage  but in a few s p e c ie s  the  f i r s t  
in s t a r  in  t h i s  s tage  has one or two abdominal segments  
without p leopods; t h i s  in s ta r  re q u ires  2 moults t o  
acquire  5 s e tb se  pleopods;
The th ir d  phase i s  ch a ra c ter ised  by the continued  
development o f  the th o r a c ic  appendages and the  non­
red u ct io n  of the  term inal  sp ines on the  t e l s o n .  The 
antennal endopod very o f te n  becomes segmented in  t h i s  
s ta g e .  The number of moults v a r i e s  co n s id era b ly ,  being  
one in  some Buphausia  spp. and 4 in  Thysanoessa r a s c h i i .
In  the fou rth  phase, the terminal t e l s a l  sp in es  are  
reduced and sometimes the  "segmentation" o f  the antennal
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andopod ta k es  p la c e .  The th o r a c ic  limbs continue t o  
develop. The number of  moults i s  q u es t io n a b le  but i s  
thought to  be th ree .  The sequence o f  th e  spine red u ct io n  
shows some v a r i a t i o n  in  d i f f e r e n t  s p e c ie s  and p o s s ib l y  
w ith in  a s p e c ie s .
The author su gges ts  th a t  th e se  phases be termed as 
fo l lo w s :
Phase I ..............................................  F u r c i l i a  I
Phase I I  .................................   F u r c i l i a  I I
Phase I I I  .............................................   F u r c i l i a  I I I
Phase IV ..............................................  F u r c i l i a  IV
Since  the most important conception  i n  our 
c o n s id e ra t io n  of  euphausid development i s  th a t  of * dominant 
forms' i t  must not be obscured. A l l  the in s t a r  forms must 
be descr ibed  and where there  i s  much v a r i a t i o n  as many 
larvae  as p o s s i b l e  should be examined and measured. The 
measurements are very important and should be p resented  
e i t h e r  as range of s i z e  w ith in  an i n s t a r ,  the mean s i z e  
and number of  specimens measured being in d ic a te d ,  or in  
the form of  len g th /freq u en cy  h istogram s for  each l a r v a l  
form or in s t a r .
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VI. The R e la t ion sh ip  between v e r t i c a l  
Migration and Feeding.
Ü. d iurnal v e r t i c a l  migration in  euphausids has  
been descr ibed  for  a very la rg e  number of s p e c i e s .
E inarsson (1945) has reviewed knowledge o f  th e  north  
A t l a n t i c  sp e c ie s  and, of the s i x  dominating s p e c i e s  in  
t h i s  area, three have been shown to  migrate v e r t i c a l l y ;  
Thvsanopoda a c u t i f r o n s . Nvctiphanes couchii  and 
Thysanoessa r a s c h i i . Marshall (1948) has s in c e  
obtained evidence of  a v e r t i c a l  movement in  Thysanoessa  
1 nor mi s .
Eunhausia p a c i f i c a  and Nvctiuhanes simplex migrate  
v e r t i c a l l y  in  the  Ban Diego reg ion  (E s te r ly ,  1914).
Hardy and Gunther (1935) ,  working on the euphausids o f  
the South Georgia area, demonstrated v e r t i c a l  m igrat ion  
i n  Euv-hausia superba. E. f r i g i d a .  E. t r ia c a n t h a .
Thysanoessa macrura. and T. v i c i n a . F seudeuphausia  
l a t i f r o n s  was shown to  avoid the surface  la y e r s  during  
d a y l ig h t  in  the Great Barrier  Reef area ( T a t t e r s a l l ,  193$) .
Of the  20 s p e c ie s  examined by Lewis (1954-) in  the  
F lo r id a  Current reg ion  5 occurred r a r e ly  in  h i s  h a u ls ,  7 
showed a d e f i n i t e  v e r t i c a l  migration and 5 appeared to  
migrate towards the surface  at n ig h t ,  but ,  in  th e  case  of
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some s p e c i e s ,  the numbers p resent  made co n c lu s io n s  
in c o n c lu s iv e .  The remaining three  s p e c i e s ,  S tv lc c h e ir o n  
eloiiLatuLi. D. lo n c ico rn e  and S. suhmii did not occur i n  
ap prec iab le  numbers i n  h i s  h au ls  but Moore (194-9) found  
evidence of v e r t i c a l  m igration  at n ig h t .
hhere a worker has f a i l e d  to  demonstrate a v e r t i c a l  
m igration  in  a euphausid s p e c ie s  i t  i s  g e n e r a l ly  because  
the numbers present  were too  few and l a t e r  workers w ith  
g rea ter  numbers have proved i t s  presence .  From the  
above c i t e d  l i t e r a t u r e  i t  i s  apparent th a t  a euphausid  
which does not at l e a s t  come nearer the  surface  at night  
than during the day i s  e x c ep t io n a l .
The p o s s ib l y  r e la t io n  of euphausids to  the deep 
s c a t t e r in g  lay er  has been d iscussed  by Moore (1950) and 
Tucker (195D .
Various authors have f a i l e d  to  demonstrate dimznal 
v e r t i c a l  m igration  in  the p opu lat ion s  o f  M. n orveg ica  
(Bmith, 1879; Paulsen , 1909; Bigelow, 1926) .  V e r t i c a l  
m igration  was, however, demonstrated by T a t t e r s a l l  (1910)  
although not so marked as in  other euphausids and mysids  
he s tu d ied .  H ick lin g  (1925) found movement of  
M. ncrvc'i ica away from the sea bottom at n ight but he did  
not determine th e  upper l i m i t  of m igrat ion .
The p opu la t ion  r e s id e n t  in  Upper Loch Fyne was shown
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t o  perform a regular  d iurnal migration by Macdonald (1927^) 
who a l s o  found th at  smaller specimens tended to approach 
nearer t o  the su rface  at n ight  than larger  ones.
Einai'sson (1945),  i n  reviewing the subject^ reaches  the  
co n c lu s io n  that  "negative  phototropism of t h i s  s p e c i e s  
r e v e a l s  i t s e l f  in  areas o f  s l ight current movements, w h i le  
strong v e r t i c a l  currents  and not the search fo r  food would 
account fo r  the appearance of  t h i s  s p e c ie s  in  the  surface  
l a y e r s  of  turbulence areas".
The d i s c o n t i n u i t y  layer  was shown by Hansen (1950) to  
be the upper l im i t  o f  the v e r t i c a l  m igration  of  
M. norveg ica  in  the  Bonnefjord but the numbers on which he  
based h i s  r e s u l t s  were very  small .  Marshall (1948) has  
p resen ted  data which suggests  th a t  a v e r t i c a l  m igrat ion  
ta k es  p la c e  in  the North Sea.
Cannon and Manton (1929) found th a t  M. norvég ien  i s  a 
f i l t e r  fe e d e r .  No fu r th e r  work on t h i s  aspect of  
euphausids seems to  have been done except fo r  th a t  of  
Barkley (1940) on Euphausia superba. He found i t  to  feed  
by f i l t e r i n g  F r a ^ i l l a r i o p s i s  a n ta r c t ic a  and seco n d a r i ly  
other diatoms and p r o t i s t a ,  and showed that  the  d i s t a n c e  
between th e  s e t u i  es of the f i l t e r i n g  s a ta e  was 7t ,^ th e  
food  p a r t i c l e s  i n  th e  stomach being l e s s  than 4C^ i i n  s i z e .
The nature o f  the food has been s tu d ied  by P au lsen
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1909 CM. n o r v e c ic a . Thysanoessa inerm is) , Lebour, 1924 
CNvcti-ohanes c o u c h i i ) . and H ick ling ,  1925 (M. n o r v e g ic a .
H. co u c h i i .  Thysanoessa spp. ) .
The co n c lu s io n s  drawn from t h i s  e a r l i e r  work, as  
pointed  out by Einarsson (1945) ,  are th a t  euphausids  
f e e d  on phytoplankton, p r o t i s t a ,  Crustacea and d e t r i t u s .
Land and marine d e t r i t u s  were shown to  be important  
c o n s t i tu e n t s  of the food o f  M. norveg ica  by Macdonald 
( 1927) who a l so  found th at  diatoms and copepods were 
eaten in  con s id erab le  q u a n t i t i e s .  He s ta te d  that  
c r u s ta c e a n .remains seemed to  be found more o f te n  in  the  
stomachs of larger  than smaller specimens and th at  the  
o p p o s ite  was so fo r  diatoms and "wet dust".
Einarsson (1945) found, in  h i s  own i n v e s t i g a t i o n s ,
that. M. norvegrica f e d  mainly on d e t r i t u s  and fragments of
Crustacea and hardly at a l l  on phytoplankton. Of th e
four s p e c ie s  of euphausids, from the Sea o f  Japan,
examined by Ponomareva (1955) on ly  one, Thysanoessa r a s c h i i ,
f e d  on diatoms to  any e x te n t ,  the dominant food being
copepods (Ponomareva, 1954-, 1955) • She reports  the
presence of e n t i r e  or parts  of crustacean compound eyes
in  the stomachs o f  three s p e c ie s  of euphausids and su g ges ts
that  the "reddish-brown substance" found by Einarsson  may
o r ig in a t e  from macerated eyes .
in v e s t ig a t io n s  were made on the p opu lation s o f  M. norvegica
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r e s id e n t  i n  Loch Fyne. Pre l im inary  examinations of  
v e r t i c a l  m igrat ion ,  fe ed in g  methods and food showed that  
a d e t a i l e d  c o r r e la te d  account was d e s ir a b le .  The purpose  
of t h i s  report  i s  not to  p resen t  a q u a l i t a t i v e  account of 
the food eaten  but to  examine th e  i n t e r r e l a t i o n s h i p s  which 
e x i s t  between v e r t i c a l  m igration , feed ing  methods and food  
eaten at any one time o f  day.
I t  was d e s ir a b le  t o  carry out two f u l l - s c a l e  
experiments, one with  a n ig h t  per iod  of about 15 hours in  
the w inter  and a summer one with a 5 hour per iod  of 
darlcness.
Two i n v e s t i g a t i o n s  extending over 24 hours were made 
on the p o p u la t ion  in  th e  deep water ju s t  north of Tarbert,  
Lower Loch Fyne. The f i r s t  se t  of h au ls  was taken at 
4-h ou r ly  i n t e r v a l s  from noon, l 4 t h  to  noon l 5 t h ,  November, 
1956, when th e  per iod  o f  darkness was about 15 hours.
In t h e  exp er im en t  on 2 2 - 2 3 r d  J u l y ,  1957 i t  was n e c e s s a r y  
t o  t a k e  sam ples  at  h o u r l y  i n t e r v a l s  through t h e  5 hour  
p e r i o d  o f  d a rk n e ss  i n  o rd er  t o  a n a l y s e  t h e  v e r t i c a l  
movements ; d a y l i g h t  h a u l s  were made ev ery  3 h o u r s .
Each haul was made with  four 1 m. open stramin n e ts  
so arranged on the warp th a t  the fo l lo w in g  depths were 
f i s h e d  d im ultaneously;  su r fa ce ,  5Gm., ICCm., l5Cm. The 
n e t s  were towed at th e s e  depths fo r  20 minutes so th a t  the
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p roportion  of specimens caught at l e s s e r  depths when th e  
n e t s  were being hauled was n e g l i g i b l e .  The h a u ls  were 
so rted  on th e  sh ip ,  f i x e d  in  10% form alin  i n  sea  water,  
and brought back to  th e  lab oratory  fo r  subsequent  
examinât io n .
The sex  o f  each animal was determined and i t s  
carapace le n g th  measured. Stomach contents  of  specimens  
in  the w inter hauls  at each depth and time were examined, 
the presence  or absence of diatoms, f i la m en tou s  a lga e ,  
d i n o f l a g e l l a t e s ,  S a ^ i t ta  spp, Euchaeta n o r v e g ic a . 
u n i d e n t i f i a b l e  crustacean  remains, compound ey es ,  organic  
d e t r i t u s  and mud being noted .
A number of supporting ob servat ion s  and experiments  
v/ere made in  va r io u s  p a r ts  of the Clyde sea area and 
th e s e  are mentioned under th e  re le v a n t  headings.
The methods employed in  the i n v e s t i g a t i o n s  of  fe ed in g  
mechanisms are d escr ib ed  w ith  the r e s u l t s  o f  the  
experim ents .
V e r t i c a l  Miizration.
In  d e sc r ib in g  the r e s u l t s  re fere n c e  i s  made to  the  
0-  and I -y e a r  c l a s s e s .  The 0 - group i s  d e f in ed  as th a t  
which has not ye t  l a i d  eggs or produced spermatophores .
The I-group are animals which have taken part  i n  one
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b r e e d in g  s e a s o n .
W inter  A n a l y s i s .
The f i r s t  a t t e m p t ,  on November 8 - 9 t h ,  1956 had t o  
be c a n c e l l e d  dur ing  t h e  n ig h t  owing t o  d e t e r i o r a t i o n  i n  
t h e  w eather  but t h e  h a u l s  which were ta l ien  were u s e f u l  
i n  s u p p ly in g  d u p l i c a t e  m a t e r i a l  f o r  ch eck in g  t h e  r e s u l t s  
o f  t h e  follo\^^ing e x p e r im e n t .
T h is  exp er im en t  was commenced at  noon, l 4 t h  November 
when t h e r e  was a b r i g h t  sun, c l e a r  sky  and f r e s h  n orth  
wind which  d id  n o t  a f f e c t  t h e  sh ip  working c l o s e  t o  t h e  
n o r t h e r n  sh o r e  o f  Loch Fyne. By 1 $ 0 0  h o u r s  a few  c l o u d s  
were i n  t h e  sk y ,  t h e  sun was lo w  and t h e  wind d ro p p in g .
Darkness  f e l l  about 1700 h o u r s ,  though o f f i c i a l  
s u n s e t  was a t  I 6OO h o u r s .
By 2000 h o u rs  t h e  sky  had c l e a r e d  a g a in  but t h e  
moon, which was i n  i t s  l a s t  q u a r te r ,  was v e i l e d  by c lo u d  
f o r  some t im e  b e f f ir e  and dur ing  t h e  h a u l .  The moon was  
s t i l l  v e i l e d  at  m id n ig h t  and show ers  o f  r a i n  were r a t h e r  
f r e q u e n t .  The h a u l  at  0400 h ours  was ta k e n  i n  t h e  
d a r k e s t  p a r t  o f  th e  n i g h t ,  t h e  moon b e in g  no lo n g e r  
v i s i b l e  and t h e  sky o v e r c a s t .
B u n r is e  was at  0730 h o u r s .
At 0800 h o u r s  t h e  s e a  s u r f a c e  was a g i t a t e d  by a f r e s h
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Time of Day(hrs)
^  F i g .  2 2 2  The t o t a l  numbers o f  M. n o r v e .^ ic a  c a u g h t  by  
t h e  h  n e t s  a t  any one t im e  o f  day from n o o n ,  l ^ t h  
t o  n o o n ,  1 5 t h ,  November.
The upper p a i r  o f  l i n e s  a re  t h e  0 - group a n i m a l s ,  t h e  
l o w e r  p a i r  t h e  I - g r o u p .  F e m a le s ,  b ro k e n  l i n e s ;  
m a l e s ,  s o l i d  l i n e s .
•iO O —
north vn.nd and heavy r a in  was f a l l i n g  from low, dark 
c lo u d s .  At noon on 23rd November th e r e  was low  c lou d ,  
r a in  and wind.
Thus the experiment s t a r t e d  on a b r ig h t  day and 
continued through à n ig h t  i n  which th e  moon was not 
thought to  have much i n f l u e n c e .  The fo l lo w in g  day was 
v ery  d u l l  and m is ty  w ith  stormy sea c o n d i t io n s .
A v e r t i c a l  s e r i e s  of sea  temperatures was taken  but  
the  d i f f e r e n c e  between su rface  and bottom was on ly  Oi6®C, 
th e  su r fa ce  being  1G.7°C, th e  bottom 11.3®C.
Both males and fem ales  began t h e i r  upward m ig ra t io n  
as the  sun s e t  at I 6OO hours ( f i g .  2 2 ) .  The number of  
animals i n  th e  su r fa c e  l a y e r s  in c r e a se d  t o  a maximum at  
ûb-üû hours but by 0800 hours,  th ir t jr  minutes a f t e r  s u n r i s e ,  
a l l  had moved downwards.
I t  i s  i n t e r e s t i n g  to  n o te  th a t  a g r e a te r  t o t a l  number 
of males and fem ales  were f i s h e d  at 0800 hours than at  any 
other  time ( f i g .  2 3 ) .  In  th e  course of th e  p rese n t  work 
i t  has  been shovm th a t  a la r g e  p art  of the  day p o p u la t io n  
of  M. n o r v e e ic a  l i v e s  in  the bottom 20m. la y e r  o f  th e  sea .  
I t  i s  im p o s s ib le  to  sanple  t h i s  la y e r  q u a n t i t a t i v e l y  owing 
to  th e  nature  o f  th e  bottom ( f i n e  mud) and th e  chances o f  
l o o s i n g  t h e  gear .  Bven at n ight  t h i s  la y e r  i s  s t i l l  
p opu la ted ,  though much more t h i n l y ,  so th a t  the  p o p u la t io n
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may be considered  as mobile v e r t i c a l l y  as w e l l  as  
h o r i z o n t a l l y .  % en i t  s inks  s l i g h t l y ,  then  
p r o p o r t io n a te ly  more animals accumulate in  the bbttom 
20m. than e lsew h ere .  S in ce  the  lowermost net f i s h e d  
at I 50m. depth, and the  animals seemed to  be spread  
uniform ly throughout th e  v e r t i c a l  range,  the  t o t a l  number 
of animals caught by th e  V n e t s  at any one time ( f i g .  23) 
i s  an es t im ate  of th e  number o f  animals above t h i s  bottom 
l a y e r .  I t  can be seen ( f i g .  23) that  between noon and 
sunset  th er e  was a s l i g h t  s ink ing  o f  t h e  p o p u la t io n  as  
a whole though p art  of i t  rose  ( f i g .  2 2 ) .  An upward 
movement from th e  bottom then began, becoming a c c e le r a te d  
between 2000 hours and midnight. A fter  midnight the  
p op u la t ion  as a whole sank but at  6800 hours more 0 - group 
'animals were caught above the  bottom 20m. than even at  
midnight. The numbers caught at  noon on the  l? th  were 
about the  same as the  prev ious  day but were d i s t r ib u t e d  
i n  the  two lowermost n e t s .
I t  was n o t ic e d  th a t  th ere  was a v e r t i c a l  s i z e  
grad ien t  of animals at midnight as Macdonald (1927)  
r e a l i s e d  w ith  much sm aller  numbers in  h i s  samples.
Surface n e t s  caught on ly  0 - group animals w h i le  n e t s  near 
the bottom caught m ostly  la r g e  ones .
The animals were sexed and grouped in  1 mm. s i z e
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F i g .  24 .  The v e r t i c a l  l a y e r i n g  o f  t h e  s i z e  c l a s s e s  on t h e  
l 4 t h  and I 5 t h ,  November. The numbers a s s o c i a t e d  w i t h  
t h e  l i n e s  r e f e r  t o  t h e  s i z e  c l a s s e s ,  i . e .  3-4mm.
The n u m e r a ls  i n  c i r c l e s  r e f e r  t o  t h e  number o f  s p e c im e n s  
■ -  o f  ea ch  s i z e  c l a s s  r e p r e s e n t e d  by t h a t  p o i n t .
F e m a le s ,  upper graph; m a l e s ,  l o w e r  graph .
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c l a s s e s .  The mean d ep th  o f  o c c u r r e n c e  o f  each  s i z e  
c l a s s  o f  m a les  and f e m a l e s  was c a l c u l a t e d  f o r  ea c h  t im e  
o f  day ( f i g .  2 4 ) .  The 3*0 mm. s i z e  c l a s s  was r e p r e s e n t e d  
by a t o t a l  o f  20 f e m a l e s  and 12  m a le s ,  th e  mean d ep th  
and t im e  a t  which  t h e y  w ere ca u g h t  b e i n g  p r e s e n t e d  i n  
T a b le  5*
T a b l e  5 .
noon l 6 0 0  2000 m id n ig h t  0400 0800 noon
l 4 t h  I 5 t h
^  3*7 m. 100 .6m . 100 .6m .
9  1 0 0 .6 m .  3o7  m. 3 .7m . 100 .7m .  112 .1 m .
I t  i s  n o t i c e a b l e  t h a t ,  ev e n  w i t h  t h e  s m a l l  numbers  
p r e s e n t ,  t h e  s i z e  c l a s s  t e n d s  t o  b e  n e a r e r  t h e  s u r f a c e  
th a n  t h e  3-^+mm. c l a s s .
A l l  s i z e  c l a s s e s  b e tw een  3 and 7 mm. show a c l e a r l y  
d e f i n e d  r e l a t i o n s h i p  t o  each  o t h e r  i n  t h e i r  d ep th  o f  
o c c u r r e n c e .  The l a r g e r  s i z e  c l a s s e s  a re  r e p r e s e n t e d  by  
f e w e r  sp ec im e n s  and, c o n s e q u e n t l y ,  some r e s u l t s ,  i n  t h e  8 
t o  10 mm. c l a s s e s ,  do n o t  f o l l o w  t h e  g e n e r a l  t r e n d s  o f  
t h e  g r a p h s .  T hese  p o i n t s  h a v e  been  a p p r o p r i a t e l y  marked 
i n  f i g .  24  t o  show t h h  number o f  sp ec im en s  i n  each s i z e  
c l a s s  w hich  t h e y  r e p r e s e n t .
The r e l a t i o n s h i p  o f  i n c r e a s i n g  s i z e  o f  M. n o r v e g i c a
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F ig .  25* Histograms o f  the p o p u la t io n s  o f  :■!. n o r v c g ic a  
i n v e s t i g a t e d  in  November, 195^, and J u ly ,  1957*
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t o  in c r e a s in g  depth of occurrence i s  p resen t  even at  
noon on th e  l 5 t h  when th e  two lowermost n e t s  caught  
specimens and the  mean depth of  occurrence  cou ld  be 
c a lc u la t e d .  Confirmatory ev idence  had been gained on 
v a r io u s  o c c a s io n s  when a net has h i t  the bottom and 
caught a la r g e r  p ercen ta g e  of  l a r g e r  specimens than any 
net kept c le a r  o f  the mud.
There appears to  be a tendency in  males f o r  smaller  
s i z e  c l a s s e s  to  reach t h e i r  summit o f  v e r t i c a l  movement 
e a r l i e r  i n  th e  n ig h t  than l a r g e r  s i z e  c l a s s e s  but t h i s  i s  
not so c l e a r  i n  th e  ca se  of  fe m a le s .
The v e r t i c a l  m ig ra t io n  in  th e  summer i s  com plicated  
by th e  f a c t  th a t  th e  p er io d  of  darkness a v a i l a b l e  i s  about 
one th ir d  o f  th a t  o f  th e  w in te r .  The s i z e  com posit ion  
of  th e  p o p u la t io n  has a l s o  a l t e r e d  ( f i g .  2 5 ) ,  the  previous  
winter* s G-group having  grown in  th e  spring and e a r ly  
summer t o  become th e  I-group w ithout a v er y  g rea t  m o r t a l i t y ,  
even through the breeding season .  The eggs l a i d  in  
April-May have g iv en  r i s e  to  the  n w  0-group by J u ly .
There was v er y  l i t t l e  'd if ference  between th e  v a r io u s  
h a u ls  taken during d a y l ig h t  hours on 22-23rd  J u ly ,  1957,  
th e  p o p u la t io n  remaining m ostly  i n  th e  bottom 20m. l a y e r .
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F ig .  27 . The v e r t i c a l  la y e r in g  of the s i z e  c l a s s e s  in
COuly, 1957* The numbers a s s o c ia t e d  w i th  the l i n e s  r e f e r  
to  the s i z e  c l a s s e s ,  i . e .  3-^fnm. Females, upper graph; 
males, lower graph.
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F ig .  26* The t o t a l  number o f  H. norvc-.?ica caught by
the h n e t s  a t  any one time o f  day on 22nd and 23rd 
J u ly .
The upper p a ir  o f  l i n e s  are the 0 - group, the Jower
the  I -g ro u p .  Females, broken l i n e s ;  males,  s o l i d  
l i n e s .
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Con sequent l y  th e  data p resen ted  extend from I 8OO hours  
on th e  22nd to  0800 hours on th e  23rd. S ince the  
pea%od of darkness was on ly  f i v e  hours, h a u ls  were taken  
every hour from dusk at  2300 hours t o  dawn at 0400 hours.
The weather was calm throughout th e  per iod  but at  
0300 hours th e r e  were c louds in  the  e a s te r n  p a rt  o f  the  
sky which delayed th e  o n se t  o f  d a y l ig h t  so t h a t  the  0330 
hours haul was delayed and taken at f i r s t  l i g h t  at 6^00 
hours.
The animals had s ta r t e d  to  move upwards by 2230 hours  
( f i g .  26) w h i le  th e  w estern  sky was s t i l l  b r igh t  with  th e  
a f te r g lo w  of th e  sun. One hour l a t e r  a few specimens  
were at th e  s u r fa c e ,  th e  number in c r e a s in g  to  a maximum at  
GI30 hours.  They s ta r t e d  to  s ink  b e fo r e  d ay l igh t  was 
apparent and by 0400 hours were absent from th e  su r fa ce  
layers; '
The mean depth of a g iv en  s i z e  c l a s s  at a p a r t i c u la r  
time was c a lc u la te d  ( f i g .  27) and i t  was found th a t  th e
0-group tends t o  be separated  v e r t i c a l l y  from th e  I -group .
A fter  th e  i n i t i a l  ascent at dusk the 0 - group c l a s s e s  
s in k  a f t e r  dark and r i s e  again between OI3O and 0230 hours, 
to  m igrate  down again  at f i r s t  l i g h t .  Even i f  th e r e  i s  a 
midnight s ink ing  the  t o t a l  numbers caught in  the  four  n e t s  
( f i g .  28) i n c r e a s e s  t o  a maximum at OO3O hours su g g es t in g
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th a t  th o se  i n  th e  bottom 20m. are s t i l l  m igra t in g  upwards* 
The numbers at th e  su r fa ce  drop a f t e r  0030 hours but th e  
males r i s e  a g a in  at 0230 hours wtiereas on ly  a s lowing down 
in  the  s in k in g  o f  the  fem a les  ta k e s  p lace* The numbers 
then  r e v e r t  t o  th e  same order of  magnitude as found at  
£800 hours on th e  p r e v io u s  day.
In th e  I-group ( f i g .  27) th e  s i z e  c l a s s e s  o f  the  
males are  more c l e a r l y  d i s t r i b u t e d  v e r t i c a l l y  than  th o se  
o f  th e  fe m a le s .  The g en er a l  tren d  i n  th e  I-group would 
appear to  be a r i s e  s t a r t i n g  at dusk and co n t in u in g  u n t i l  
about 2330 hours .  A s in k in ?  then  ta k es  p la c e  fo l lo w e d  
by a fu r th e r  r i s e  by th e  males, a s low ing of th e  downward 
movement i n  th e  fe m a le s ,  b e fo r e  da\m. At f i r s t  l i g h t  
both sex e s  m igrate  downwards.
Feeding Methods.
An i n v e s t i g a t i o n  o f  th e  f e e d in g  methods o f  M. n o r v e g ic a 
was made to  i n t e r p r e t  the  r e s u l t s  o f  the stomach content  
a n a l y s i s .  Cannon and Manton (1929) d escr ib ed  M. n o rv ég ien  
as a f i l t e r  f e e d e r .
Some exper im ents  were done u s in g  s ta rch  gran u les  
co loured  w ith  i o d in e  s in c e  t h e s e  tended to  s t i c k  to  th e  
s e t a e  through which th e  fe e d in g  streams p a ssed  thus enabling  
t h e i r  r o u te s  to  th e  mouthparts to  be tr a c e d .  Carbon b lack
I
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Y3 p a s te ,  d i lu t e d  w ith  sea  water, was e jed ted  from very  
f i n e  p i p e t t e s  in to  the water around the  animal in  order  
to  tr a ce  the o r ig in  of the water i n  the  fe e d in g  cu rren ts .
The f i l t e r i n g  apparatus i s  found on the  mouthp a r t s  
and f i r s t  th o ra c ic  limbs ( f i g .  29 ) .  The mouthparts in .  s i t u  
f i t  c l o s e l y  tog e th er  so that  the s e ta e  of  the v a r io u s  
p a rts  overlap to  form a l a t e r a l  f i l t e r i n g  w a l l  and the  
food-groove  between them becomes c lo sed  v e n t r a l l y  by the  
)+th en d it  es ( f i g .  x9# t)  of the f i r s t  th o r a c ic  l imbs.
Food suspended in  the water p a s s e s  through t h i s  tunnel  
and i s  f i l t e r e d  o f f  by the s e ta e  o f  the mouthparts and 
f i r s t  th o ra c ic  l imbs. The se ta e  of the f i l t e r i n g  areas  
are of three main types:
I ,  the s e t u l e s  are on two s id e s  of  the s e t a  and in one 
plane ,  the  d is ta n c e  between each s e t u l e  being about 
k to
I I ,  the s e t u l e s  are on d i f f e r e n t  p la n es  on th e  s e ta  vrLth 
a d is ta n c e  of about 8p between any two s e t u l e s  i n  th e  
same p lane .
I I I ,  the s e ta e  are s p i n e - l i k e  w ith  se r r a te d  d i s t a l  edges  
or a few s e t u l e s .
The exopod i t e s  of  the f i r s t  th o ra c ic  limbs o f  th e  
l e f t  s id e  are ro ta ted  l a t e r a l l y  and v e r t i c a l l y  in  an 
antic loc lcw ise  d ir e c t io n ,  th o se  on the  r ig h t  i n  a c lock w ise
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d ir e c t io n .  This causes currents  o f  water to f low  down 
the v o r tex  of t h e i r  movement and pass through the  se ta e  
on the proximal e n d i te s  of  the thorac ic  limbs in to  th e  
medial food-groove .  The s e ta e  on the proximal segments 
of the th o r a c ic  limbs prevent large  p a r t i c u l a t e  matter  
entering t h i s  food-groove .  The f i n e  p a r t i c u l a t e  food i s  
carr ied  a n te r io r ly  to  the mouthparts by the a c t io n  of the  
mouthparts them selves .  The most p o s t e r io r  elements of 
the mouthparts move b efore  the an ter ior  ones. Thus the  
m axil lae  are moved l a t e r a l l y  and p o s t e r i o r ly  and are then  
returned to th e ir  o r ig in a l  p o s i t i o n .  Immediately a f t e r  
the ma:dllae  have s ta r ted  to move the m a x i l lu le s  and then  
the la b ia  f o l lo w  t h e i r  movement. The inward part  o f  the  
movement of the  m a x i l lae  fo r c e s  the  water l a t e r a l l y  between  
them and the m a x i l lu le s  thus causing the  food t o  be 
s tra in ed  o f f  by the f i l t e r i n g  se ta e .  The movement of  
in d iv id u a l  p a rts  of  th ese  appendages must of course  
contr ibute  con s iderab ly  to the  production  o f  t h i s  current  
but the main p o in t  i s  that  such a current can be produced 
by the mouthparts.
E x ce l len t  f i g u r e s  o f  th ese  mechanisms have been 
presented  by Cannon and Manton in  se v e r a l  papers.
The exop cd ites  of the th o rac ic  limbs were removed 
from a number- of M. norve^:ica which were then p laced  i n
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a s ta i ‘cb suspension .  Starch was in g e s te d  to  almost  
the same ex ten t  as by normal animals showing th at  the  
mouthparts must be the primary fe e d in g  current producers.  
The eiDppodites would appear to aid  the mouthp a r t s  in  
p a ss in g  th e  food a n te r io r ly  along the  food-groove  but 
probably th e ir  main fu n ct io n  i s  to  draw water from a 
grea ter  area than the mouthparts.
The food  on the f i l t e r i n g  se ta e  o f  the f i r s t  p a ir  
of  th o r a c ic  limbs and m axil lae  i s  tr a n s fe rre d  to  th e  
sp in es  on the m a x i l lu le s  or d i r e c t l y  to  e i th e r  of the  
rows of h a ir s  on the l a b i a  ( f i g .  29, l i ) .  The food  
which accumulates on the ha ir-row  on th e  p o s t e r io r  f a c e  
of a labium i s  trajnsferred on to  th e  l a t e r a l  h a i r s  of  
th e  other  labium by movements of th e  la b ia .  The 
mandibular cusps then c o l l e c t  the food and, v/ith th e  a id  
o f  th e  mandibular p a lp s ,  lab rum and p u l s a t io n s  of the  
oesophagus, i t  i s  macerated and passed  in to  th e  stomach. 
The p e c u l ia r  d e n t i t i o n  on the inner d o r sa l  edges o f  the  
mandibles (Nanton, 1928) appears to  comb the  f i n e  
p a r t i c u l a t e  food from the f i l t e r i n g  s e t a e  o f  the  proximal  
re g io n s  of  th e  m a x i l lu le s  and m a x i l la e .  The p o s t e r io r  
f a c e  o f  the labrum has a number of  r id g e s  which oppose^ 
th e  d e n t i t i o n  on th e  an ter ior  f a c e s  o f  the mandibles,  
f i n e  maceration of the food being performed by rubbing i t
- 1 1 5 -
between them.
M. norve^lca was observed to s t i r  up mud by the  
a c t io n  of i t s  p leopods from the bottom o f  laboratory  
tanks and to feed  on the  r e s u l t in g  suspension by the  
f i l t e r i n g  method descr ibed  above. There i s  evidence  
th a t  t h i s  i s  a l s o  done in  the sea. Cannon and Manton 
( 1927) have descr ibed  an i d e n t i c a l  feed in g  mechanism in  
the  mysid, Heinimvsis lamornae.
haptatory methods o f  feed in g ,  as defined  by Cannon 
Manton (1 9 2 9 ) j are a l s o  employed. When la rg e  p a r t i c l e s  
of  organic d e t r i t u s  ai'e a v a i la b le  M. norvegiica w i l l  o f t e n  
swim about pushing a mass of m ater ia l  c o l l e c t e d  between  
the th ora c ic  limbs and antennae. This m ater ia l  i s  brought  
to  the mouthparts by sudden 1a t e r a l - v en tr a i  movements o f  
the  th orac ic  limbs which cause i t  to be drawn in to  the  
“fo o d -b a sk e t" formed between them and the mouthpart s .
These methods o f  feed ing  have been n o t iced  i n  animals  
o f  a l l  s i z e  c l a s s e s .  One further method, however, has  
only been seen performed i n  animals of  the larger  s i z e  
c l a s s e s .  They can produce a strong enough “inhalent  
current“ by the l a t e r a l - v e n t r a l  movements of the th o ra c ic  
limbs to  draw l i v i n g  prey in to  th e  food -b ask et .  Live  
Euchaeta norve.eica and o a e i t t a  spp. have been secured in  
t h i s  way but no hunting or s ta lk in g  o f  prey ta k es  p la c e .
- I l6 -
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? ig .  30 . Che percentage o f  each s i z e  c l a s s  of  H. n o rv ez lca  
w ith  a p a r t i c u la r  food p resent  among the  stomach co n ten ts .
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I f  a la rg e  M. norvegica  comes in  contact v/ith a Euchaeta 
or Sac i t  ta  which i s  not moving then i t  can draw i t  in to  
the food-basket  but no M. norvégien have been seen to  
catch a c t i v e l y  sv/imming prey o f  th ese  dimensions.
Ponomareva (195^) d escr ib es  the method used by 
euphaudids to  eat  out,  v/ith the mandibles, the  s o f t  p a r ts  
o f  copepod b od ies .  No account, however, of the  method 
by which th ese  copepods are caught - i s  g iven .
Dtomach Contents.
The percentage of animals of a given s i z e  d la s s  v/ith 
crustacean  remains, other than Euchaeta n o rv ég ien , present  
in  t h e i r  stomachs was ca lcu la ted  ( f i g .  3 0 ) .  A con t in ua l  
in c r e a s e  in  th e ir  occurrence with in crea s in g  s i z e  of 
M. norvuzica  i s  apparent, th e  g r e a te s t  s in g le  in crea se  
being at the t r a n s i t i o n a l  c l a s s ,  7-8 mm. which i s  
predominantly I-group animals.
The mandibles ground the crustacea  in to  such small  
p i e c e s  that i d e n t i f i c a t i o n  was d i f f i c u l t .  The percentage  
occurrence,  however, of reco g n isa b le  Euchaeta norver ica  
remains ( f i g .  30) i s  corre la ted  \d.th in crea s in g  s i z e  of 
M. r.ervecica and i t  i s  found to  form an appreciab le  part  
of the d ie t  of the larger  animals.
s i m i l a r l y ,  increas ing  occurrence of  remains o f
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F ig .  31* The percentage o f  0-group (upper graph) and
I-group (lower graph) M. n o rv ee ic a  w ith  a c e r t a in  
food present in  t h e i r  stomachs at a g iven time of  
day.
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S a g i t t a  spp. ( f i g .  30) and f i la m e n to u s  a lgae  ( f i g .  30) 
i s  r e l a t e d  to  in c r e a s in g  s i z e  o f  th e  f e e d in g  anim als .
A r e v e r s e  c o r r e l a t i o n  to  th o s e  above e x i s t s  fo r  
d i n o f l a g e l l a t e s  ( f i g .  30) where the  average number of  
specimens was 10 to  15 i n  each stomach whereas diatoms  
o n ly  occurred in  ones and twos. I t  i s  n o t i c e a b l e  t h a t  
th e  p resen ce  of  diatoms i s  not  c o r r e l a t e d  with the s i z e  
o f  M. n o rv eg ica  ( f i g .  30)-. Though they  do not form a 
s i g n i f i c a n t  p a r t  o f  th e  d i e t ,  they  are p rese n te d  h e r e ,  
along \i± th  the d i n o f l a g e l l a t e s ,  as an in d ex  o f  the  
amount o f  f i l t e r  f e e d in g  done by the  v a r io u s  s i z e  c l a s s e s .
The p e r c e n ta g e s  of 0 - group and I-group animals vrith 
cru stacean  remains,  Euchaeta  ^ S a g i t t a .  f i la m e n to u s  a lga e  
and d i n o f l a g e l l a t e s  was c a l c u l a t e d  f o r  each t im e o f  day 
( f i g .  3 1 ) .  The stomach f u n c t i o n s  p r im a r i ly  as a g iz z a r d  
so th a t  t h e  fo o d  r a r e ly  remains i n  i t  f o r  as long as  four  
hours, th e  period  between s u c c e s s i v e  h a u ls  in  t h i s  a n a l y s i s .  
In  th e  0 - group th ere  i s  a drop i n  the  percen tage  w ith  
cru sta cea n  remains,  Euchaeta and S a g i t t a  p rese n t  in  t h e i r  
stomachs throughout t h e  p er io d  of darkness when th e  0-group  
has m igrated  towards the su r fa ce .  A s im i la r  drop in  
p ercen ta ge  i s  p resen t  i n  t h e  I-group ( f i g .  31) but during  
the  mid-darkness p er io d  a r i s e  i n  th e  percen tage  consuming 
Orustacea i s  apparent fo l lo w e d  by a drop which may c o in c id e
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F ig .  32. The percentage of 0-group ( s o l i d  l i n e s )  and 
I-group (broken l i n e s )  M. n o rv er ic a  w ith  food  
present  in  th e ir  stomachs at a g iven time o f  day 
during winter (upper graph) and summer (lower graph).
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v lth  th e  dawn-rise  of  M. n o r v e g ic a .
The in c id e n c e  o f  f i la m en to n s  a lg a e  consumed by 0-  
and I-group animals ( f i g .  31) remains f a i r l y  constant  
throughout the 2k hours, none o f  th e  f l u c t u a t i o n s  in  
percentages  being s i g n i f i c a n t .
An i n v e s t i g a t i o n  of the p erc en ta g es  of 0- and I -  
group animals w ith  food in  t h e i r  stomachs at a given  
t in e  o f  day ( f i g .  3k) showed an in c r e a s e  at n ight  f o r  
the C-group specimens. The i n i t i a l  in crea se  c o in c id e s  
v i th  the upward dusk m igration  between l 600 and 2000 
hours. The percentage  then drops s l i g h t l y  but remains  
at a high l e v e l  throughout the  houBs o f  darkness, a 
secondary in c r e a s e  co in c id in g  with th e  dawn-rise and 
dov/nward m igrat ion .  The stomach con ten ts  comprised  
c o s t l y  o f  a “green mush“ of small p a r t i c l e  s i z e  vjhich 
seems to  be synonomous with  Macdonald* s “f l o c c u l e n t  
d e tr i t u s " .
In the I-group M. ncrvefrica decrease  i n  f e e d in g  i s  
evident at n ig h t .  This l a s t s  u n t i l  the animals are back  
in the bottom la y e r s  at 0800 hours.
The g rea ter  part by volume o f  th e  stomach co n ten ts  
of about 60% o f  the  M. n orvec ica  examined comprised organic  
d e tr i t u s  with mud p a r t i c l e s .  S ince  f i la m en tou s  a lg a e ,  
parts of small p o ly c h a e te s  and crustacean  remains were o f te n
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a s s o c ia t e d  with the mud i t  was decided to  examine th e  
surface  la y e r s  of mud in  the deeps where M. norvegica  
l i v e d .  A J e n k in ’ s mud sampler, which samples a core  
of about 9 sq. i n s .  was used because with i t  an 
undisturbed core ,  \d.th the water above i t ,  could be 
obta ined .
Filamentous a lgae ,  in c lu d in g  a Cladophora sp. of  
l i t t o r a l  o r i g i n ,  were found l i v i n g  though not a ttached  
and growing at that  depth (175 m .) .  A l l  the  s p e c i e s  of  
a lgae  found in  the  mud had a lready been i d e n t i f i e d  in  
the stomachs of M. norvégien .
As regards diatoms only c e l l s  of a B iddu lch ia  sp. 
were found i n  th e  e igh t  samples taken. C i l i a t e s  were 
p l e n t i f u l  and what i s  thought to  be t h e i r  remains have 
been o c c a s io n a l ly  i d e n t i f i e d  in  the stomachs. Small 
p o lych aetes  averaged two and isopods  three  per sample. 
Various cumacids were present  at a d e n s i ty  of 1 -2  per  
sq. in .  of mud su rface ,  but t h e i r  remains, though probably  
p resen t ,  have never been recogn ised  i n  th e  stomachs.
The m olluscs  and b r i t t l e - s t a r s  found i n  the mud have not  
been noted in  the stomachs, and they may be too hard to  
be eaten .
Ponomareva (1955) i d e n t i f i e d  p a r ts  of compound eyes  
in  the stomach contents  of th r e e  of th e  s p e c ie s  of
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eupliausids she examined and remarks th a t  no p rev iou s  
mention o f  them has been made except p o s s ib ly  by 
Einsjrsson (19^5) who descr ibed  a ^reddish-brown  
substance" which Ponomareva th ink s  may be derived  
from in g e s te d  compound eyes .  The p resent  author th in l is  
th is  i r ^ e n t i f i c a t io n  may be co rrec t  as e n t i r e  or p a r ts  
of compound eyes have been i d e n t i f i e d  in  the  stomachs 
of M. n orvee ica  i n  the present i n v e s t i g a t i o n  (Table 6 ) .
Table 6.
S ize  C lasses
ÏÏO. of specimensw ith  2-3 3-^ ^-5 5-6  6-7 7-=8 8 -9  9-10
Syes p r e s e n t  1 ( ? )  7 ^ 2 3 2
Syas a b sen t  17 65 1^7 \ 5 l  93 58 20
/  age w ith  e y e s  3 .5  0 C 1 . 6  1 . 0  2 . 0  5 . 0  9 . 0
There was a very l i t t l e  reddish-brown m a te r ia l ,  
which might have o r ig in a te d  from a compound eye, present  
In the stomach of one specimen on the 2 -3  mm. c l a s s ;
.10 c r y s t a l l i n e  cones were p resent  to  confirm the  
i d e n t i f i c a t i o n .  I f  t h i s  specimen were omitted there  
would be a c o r r e la t io n  of presence  o f  compound eyes with  
increas ing  s i z e  of M. norverrica which would be expected  
i f  they were obtained by predatory methods. As Ponomareva
f
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has remarked, specimens with one eye m iss ing  or damaged 
eyes are not uncommon but t h i s  may p a r t ly  be caused by 
the n e t .  The f a c t  th a t  t h e y  are thought to  be euphausid  
eyes may not be very  s i g n i f i c a n t  as the c u t i c l e  of  
euphausid eyes  tends to  be s o f t e r  than that  of other  
crustaceans of s im i la r  s i z e  and thus may be more e a s i l y  
i n g e s t e d .  I t  has been su g g es ted  th a t  th e  eyes are 
attacked  when th e  photophore in  the eye s ta lk  lum inesces  
but no ev idence to  support t h i s  has been found.
D isc u ss io n .
V e r t i c a l  M igrat ion .
In  the m n t e r  the  r e g u l a r i t y  of th e  s p a t i a l  i n t e r ­
r e l a t i o n s h i p s  ( f i g .  24-) o f  the s i z e  c l a s s e s ,  e s p e c i a l l y  
th o se  between 3 and 7 mm., throughout th e  upward and 
domward m igrat ions  would suggest c o n tr o l  by some d i s c r e t e  
f a c to r  or f a c t o r s .  I f  the speed o f  swimming, combined 
with s p e c i f i c  g r a v i t y ,  were ac t in g  to  produce t h i s  
d i s t r i b u t i o n  then the la y e r in g  in  the  midnight p er iod  
would not be so re g u la r .  T h e . fa c to r s  c o n tr o l l in g  i t  
would seem t c  be p h y s ic a l  p r o p e r t ie s  o f  the environment 
rather  than th e  d i s t r i b u t i o n  of food organisms or other  
b i o l o g i c a l  p r o p e r t i e s .  The work of Harris  and Mason 
(1956) su g g es ts  th a t  l i g h t  i n t e n s i t y  i s  the most important
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fa c to r  in v o lv e d .
The temperature in  Loch Fyne from surface  to  bottom 
was almost uniform in  the  id .n ter , the  d i f fer en ceb e in g  
û.6°C on l4-th November, 1956. Therefore temperature  
gradient  would have no e f f e c t .  The v e r t i c a l  v a r i a t i o n s  
i n  s a l i n i t y  would a l s o  be i n e f f e c t i v e  at t h i s  time of  
year.
Various  o b serv a t io n s  have been made in  the winter  
on the  e f f e c t  of d i f f e r i n g  weather c o n d i t io n s  on the  
uppermost d a y - l e v e l  o f  M. n orv ég ien . The e f f e c t  o f  the  
bright sun on t h i s  l e v e l  at noon on the  14-th can be 
compared with  the h igher l e v e l  at noon on I5th  November 
( f i g .  22) when the sky was h e a v i ly  o v e r c a s t .  In  a l l  the  
o b serva t io n s  made, when the l i g h t  i n t e n s i t y  decreased  
the animals ro se  upwards but i f  the sun brightened  then  
almost immediately they  sank lower.
At s u n r is e ,  animals in  the su rface  l a y e r s  o f  th e  sea  
w i l l  be a f f e c t e d  by the in crea s in g  l i g h t  i n t e n s i t y  
s l i g h t l y  before  animals in  the mid-water reg io n s  w ith  the 
r e s u l t  that  the  su r face  specimens s t a r t  th e ir  downward 
m igration  f i r s t .  The l i g h t  i n t e n s i t y  continues  to  
in c r e a se  and p r o g r e s s iv e ly  deeper animals commence to  
move dov/n so th a t  th er e  w i l l  tend  to  be a v e r t i c a l  lay er  
of g rea ter  density of M. norve^ica  a s s o c ia te d  w ith  th e
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deepening iso lum e la y e r s .  I t  i s  suggested  th a t  the n e t s  
sainpled t h i s  lay er  at C8CG hours on Ipth  November.
I t  i s  d i f f i c u l t  to  confirm t h i s  h y p o th e s is  without  
data on the iso lum es but r e p e t i t i o n  of  t h i s  post-dawn  
haul su g g e s t s  th a t  th er e  does seem to  be a much denser 
lay er  of H. n èrve^ica  p resen t  in  the sea and th a t  t h i s  
la y er  i s  s ink ing  and f i n a l l y  d i s p e r s e s  when i t  reaches  
the deep water la y e r s .
Another phenomenon which i s  d i f f i c u l t  to  demonstrate  
i s  an upward movement of the p op u la t io n  ju s t  p r io r  t o  
dawn. This dawn r i s e  i s  not apparent in  f i g .  22 as the  
samples were too  fa r  apart in  time but i f  a haul i s  taken  
at f i r s t  l i g h t  then more animals are found in the surface  
l a y e r s  than in  the mid-darkness p er io d .  This i s  a f a i r l y  
common phenomenon (Cushing, 1951) and has been shown for  
Su:hausia  p a c i f i c a  and Nvctinhanes simplex by E s t e r ly  ( s e e  
Cushing, 1951) and p o s s i b l y  for  S tv lo c h e ir o n  carinatum 
(Lewis, 1954").
The v e r t i c a l  i n t e r r e l a t i o n s h i p s  o f  the s i z e  c l a s s e s  
are not so regular  in  the summer but they  e x i s t .  The 
sep arat ion  v e r t i c a l l y ,  however, o f  the two age groups i s  
more c l e a r l y  defined.^ In th e  summer ( f i g .  25) there  i s  
a c le a r e r  sep arat ion  ,on a s iz e / f r e q u e n c y  graph of the C- 
and I-group than i n  the w inter and thus i f  more overlap
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in  s i z e  of th e  two groups were present t h i s  v e r t i c a l  
separation  might not e x i s t .  Eut con v erse ly  the O-group 
c l a s s e s  are much more intermixed and c l o s e  together  
v e r t i c a l l y  i n  th e  summer ( f i g .  ^7) and so th e  age as  
well  as s i z e  would seem to  be in v o lv ed .
In a l l  th e  summer ob servation s  on the e f f e c t  of  
weather co n d i t io n s  on M. norveg ica  l i g h t  again seems t o  
be the main fa c t o r  c o n t r o l l i n g  v e r t i c a l  movements.
A surface  n e t  caught three  specimens at the  surface  
on 12th September, 1957? when an almost f u l l  moon was 
and had been c o n t in u a l ly  c lear  of c loud. On dark n ig h ts  
at t h i s  time of year 6C to 80 specimens were caught in  
a comparable haul at the sui’f a c e .  This has been observed  
severa l  t imes and in  every case the moon-light caused them 
to sink lower. F ish er  et  a l  (1953) caught M. norver^ûca in  
the nort  o f  Monaco during the  night by using  l i g h t  lu r e s  
and hand-net s .  Vihy they should be a t t r a c te d  to  a l i g h t
lure i s  not known.
The d i r e c t  in f lu e n c e  of l i g h t  i n t e n s i t y  on v e r t i c a l  
movements o f  M. n orveg ica  i s  very apparent in  both summer 
and w inter  but the mechanism whereby the  s i z e  c l a s s e s  are 
d is t r ib u te d  v e r t i c a l l y  in  unknown. Various authors have 
shown a v e r t i c a l  la y e r in g  o f  s i z e  c l a s s e s  in  copepods  
(Cushing, 1951) and Ponomareva (1955) remarks that th e
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l a r g e s t  s i z e  c l a s s e s  of the euphausid Thvsanoessa  
lon-^iues have a reduced v e r t i c a l  migration never r i s i n g  
above IOC m. depth. I t  would seem th a t  the  optimum 
l ig h t  i n t e n s i t y  fo r  some p lank ton ic  Crustacea decreases  
as th ey  grow older and increase in  s i z e .
One consequence of a v e r t i c a l  la y e r in g  of s i z e  
c la s s e s  i s  apparent at the breeding season when 
snermatophores are tr a n s fe r r e d  from males to fem ales .
The p o p u la t io n  o f  M. norveE<ica has a wide range in  s i z e ,  
the sm a l le s t  mature animals being about one th ir d  the  
t o :a l  len g th  o f  the l a r g e s t .  I t  i s  not known whether 
large  males and small females are compatible, or v i c e  v ersa .  
The spermatonhore of a specimen with a carapace len g th  o f  
10 mm. con ta in s  about 12 times as many spermatozoa as that  
of an animal v/ith a carapace len g th  of  5 mm. and, s in c e  
spermatophores are tr a n s fe rre d  in  p a ir s ,  a la rg e  male 
produces about 24- t imes as many spermatozoa as a small one.
A large  female of comparable s i z e  produces about 12 times  
as many eggs as a smaller one. Hence the most e f f i c i e n t  
system o f  spermatophore tr a n s fe ren ce  would be between males  
and fem ales  o f  l i k e  s i z e s .  This can take p la ce  because  
of the  v e r t i c a l  la y er in g  of s i z e  c l a s s e s  present at n ight  
in the w inter  when mating takes  p la c e .  A few females have 
been found with the  spermatophores s t i l l  f u l l  of spermatozoa
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an d  i t  i s  p r o b a b l e  f r o m  t h e  m e a s u r e m e n t s  o f  t h e  
s p e r m a t o p h o r e s  t h a t  t h e y  o r i g i n a t e d  f r o m  m a l e s  o f  s i m i l a r  
s i z e .
F e m a l e  M. n o r v e ? i c a  a b o u t  t o  l a y  e g g s  d o  n o t  c o n f o r m  
v i t h  t h e  d e s c r i b e d  p a t t e r n  o f  v e r t i c a l  m i g r a t i o n .  T h e  
e g g s  a r e  l a i d  i n  t h e  s u r f a c e  l a y e r s  a n d ,  t h o u g h  e g g  
e x t r u s i o n  i s  m a i n l y  a t  n i g h t ,  a  f e w  g r a v i d  f e m a l e s  h a v e  
t e e n  c a u g h t  a t  t h e  s u r f a c e  d u r i n g  d a y l i g h t .  N o  o t h e r  
f . n o r v o ^ i c a  h a v e  b e e n  c a u g h t  a t  t h e  s u r f a c e  i n  d a y l i g h t  
and n o  s u r f a c e  s w a r m i n g  h a s  b e e n  o b s e r v e d  b y  t h e  a u t h o r ,  
i n  a c c o u n t  o f  t h e  k n o w n  i n s t a n c e s  o f  s u r f a c e  s w a r m i n g  b y
h .  n o r v u ^ l c a  i s  g i v e n  b y  F i s h e r  e t  a l  (1953) .
T e e d i n r ^  M e t h o d s .
M. n o r v e r n c a  c a n  f e e d  b y  t h r e e  m e t h o d s .  T h e y  c a n
a) s t r a i n  o f f  t h e  f o o d  p a r t i c l e s  s u s p e n d e d  i n  t h e  s e a  w a t e r ,
b) s t i r  u p  t h e  mud a n d  d e t r i t u s  o n  t h e  s e a  b o t t o m  a n d  
f i l t e r  t h e  r e s u l t i n g  s u s n e n s i o n  o r  c )  u s e  a  r a p t o r i a l  
z e e  I n i q u e  ( C a n n o n  a n d  M a n t o n ,  1 9 2 9 ) . T h e  f i r s t  m e t h o d  
: a n  b e  u s e d  a t  a n y  d e p t h ,  t h e  s e c o n d  o n  ô r  n e a r  t h e  b o t t o m  
and t h e  t h i r d  m o s t l y  o n  t h e  b o t t o m .  L a r g e r  a n i m a l s ,  
h o w e v e r ,  c a n  f e e d  o n  l i v e  p r e y  a t  a n y  d e p t h .
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V e r t i c a l  M i g r a t i o n .  F o o d  a n d  F e e d i n g  M e t h o d s .
I t  i s  i m p o s s i b l e  t o  e s t i m a t e  w i t h  a c c u r a c y  t h e  
a n c u n t s  o f  o r g a n i c  d e t r i t u s  a n d  n a n n o p l a n l i t o n  e a t e n  
b y  M , n o r v e . < i c a  a s  a l m o s t  e v e r y  a n i m a l  h a s  s o m e  p r e s e n t  
i n  i t s  s t o m a c h  a t  a l l  t i m e s  o f  t h e  d a y .  I n  t h e  
s t o m a c h s  o f  s m a l l  s p e c i m e n s  s o m e  mud n a r t i c l e s ,  
v e g e t a b l e  d e t r i t u s  a n d  a  g r e e n  m u s h ,  t h o u g h t  t o  b e  
s y n o n o m o u s  t o  M a c d o n à l d ’ s  ‘ f l o c c u l e n t  d e t r i t u s ’ , o f t e n  
o c c u r  t o g e t h e r .  T h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e s e  
m a t e r i O v l s  d i f f e r  i n  d i f f e r e n t  s i z e  c l a s s e s  a n d  i t  i s  
n o t i c e a b l e  t h a t  l a r g e r  a n i m a l s  h a v e  a  h i g h e r  p r o p o r t i o n  
o f  mud p a r t i c l e s  a n d  v e g e t a b l e  m a t e r i a l  p r e s e n t  w i t h  t h e  
g r e e n  m u s h  t h a n  t h e  s m a l l e r  o n e s .
A c o n s i d e r a b l e  a m o u n t  o f  v e g e t a b l e  d e t r i t u s  o f  
l a n d  a n d  l i t t o r a l  o r i g i n  i s  f o u n d  i n  s u s p e n s i o n  i n  t h e  
w a t e r s  o f  L o c h  F y n e .  I t  i s ,  t h e r e f o r e ,  c o n c l u d e d  t h a t  
t h e  l a r g e r  a n i m a l s  o b t a i n  t h e  v e g e t a b l e  m a t e r i a l  m o s t l y  
f r o m  t h e  s e a  f l o o r  w h i l e  t h e  s m a l l e r  a n i m a l s  a c q u i r e  i t  
p e l a g i c a l l y .
S i n c e  f i l a m e n t o u s  a l g a e ,  r e d s  a n d  g r e e n s ,  o c c u r r e d ,  
i n  a  f r e s h  s t a t e ,  i n  t h e  s t o m a c h s  o f  l a r g e r  s p e c i m e n s  
w i t h  m u d  i t  w a s  t h o u g h t  t h a t  t h e y  m u s t  b e  o b t a i n e d  f r o m  
t h e  b o t t o m  a n d  t h e  mud s a m p l e s  p r o v e d  t h i s  t o  b e  p o s s i b l e ,
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ïa e  O-group, however. Ingest  them at night ( f i g .  31) in  
t i e  upper water l a y e r s  w h i le  f i l t e r  fe e d in g .
C rustacea . Fuchaeta and Sag:itta are found more o f te n
i.i th e  stomachs of la rg er  than o f  smaller  M. norveg ica  
aid the  former occur deeper in  the sea than the  l a t t e r .
Fswer specimens have t h e s e  remains in  t h e i r  stomachs 
at n ig h t  than during th e  day.
From the above ev idence  i t  i s  concluded th a t  remains  
of Crustacea, Buchaeta ând S a n i t ta  i n  the stomachs o r ig in a t e  
from th e  bottom water l a y e r s .
These zooplankton organisms can only be f e d  on by 
ra p ta to ry methods owing to  t h e i r  r e l a t i v e l y  la r g e  s i z e .
A r e v e r s e  c o r r e la t io n  ( f i g .  30) with s i z e  of  
h. n orvea ica  e x i s t s  f o r  d i n o f la g e l la t e s .w h ic h  are fed  on 
more f r e q u e n t ly  at n ight ( f i g .  31 ) .  Thus i t  i s  ev id en t  
that th ey  are acquired in  the  upper water la y e r s  by 
f i l t e r  feed in g  methods, green mush being  a s s o c ia t e d  with  
them i n  the stomachs.
Diatoms did not occur in  the stomachs in  s u f f i c i e n t  
numbers to j u s t i f y  con c lu s ion s  about t h e i r  o r ig in .
T o s s ib ly  they are obtained in  the djaeper water la y e r s ,  
i r u s t u l e s  o f  the  la rg er  diatoms ( C oscinodiscus  sp p . ,  
Fiddulphia  spp.)  being present more o f t e n  in  the stomachs 
of la r g e r  M. n o rv eg ica .
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Thus during the day the sm al les t  M. norvegica  which 
feed predominantly on green mush and d e t r i t u s ,  must 
employ p r im a r i ly  f i l t e r  feed ing  and secon d a r i ly  
raptatory mechanisms. The middle s i z e  c l a s s e s  feed in g  
cn d e t r i t u s ,  green mush and some zooplankton must r e l y  
to about th e  same extent on the two mechanisms. The 
larger animals in g e s t in g  mostly  organic  d e t r i t u s  and 
zooplankton must be predominantly r a p t a t o r i a l .  During 
the n ig h t ,  however, th e  dominant method o f  feed ing  i s  
f i l t r a t o r y ,  th e  rap ta tory  method p o s s ib l y  being used  
to some ex ten t  i n  th e  deeper water l a y e r s .
In  sev era l  s p e c ie s  of copepods, in c lu d in g  Calanus 
finmar chi eu s , la r g e  specimens are found deeper than  
smaller ones.  C. f inmarchicus has been shown to  f e e d  
n a in iy on diatoms and p r o t i s t a  (Marshall and Orr, 1955).  
in  in c r e a se  in  the percentage  of C. f inm arch ieus feed in g  
t a le s  p la c e  at n ig h t  in  the winter (Marshall,  1923) but 
in the spring and summer the percentage feed ing  remains  
at a constant high l e v e l  throughout the day and n ig h t .
The p resen t  author has examined the  gut con tents  of  
a few C. f in m arch ieus caught at 150 m. depth in  the  Clyde 
and found th at  up to  20/5 by volume o f  the stomach co n ten ts  
vas composed of g r i t  and what looks  l i k e  vege ta b le  
d e tr i tu s .  Their gut co n ten ts  were very  s im ilar  t o  th o s e
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of* O-group M. norvoa-ica caught during the day at t h i s  
depth except th a t  diatoms were present  in  the stomach 
of 0. f inm archicus  i n  appreciab le  numbers.
The above comments suggest  that the same r e la t io n s h i p s  
between v e r t i c a l  m igrat ion , s i z e  and food may e x i s t  in  
the case  o f  C. f inm archicus  pind p o s s ib l y  to  some ex ten t  
in a l l  predominantly f i l t e r  feed ing  p lank ton ic  animals  
which perform a v e r t i c a l  m igrat ion  tak ing  them below th e  
main l a y e r s  of p h o to sy n th e s is  in  the sea.
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VII.  Thfi S ig n i f i c a n c e  of  Carapace Measurements.
Measurements of carapace len gth  are now cons idered  
p r e fe r a b le  to  measurements o f  t o t a l  len g th  in  prawns 
and shrimps. The t o t a l  l e n g th ,  that  i s  the d is ta n c e  
between the t i p  o f  th e  robtrum and 'the end of the  t e l  son, 
i s  d i f f i c u l t  to  measure accui'ate ly  owing to  the  rostrum 
o f te n  being damaged and th e  abdomen f l e x e d .  Recent 
authors ( e . g .  Horsted and Smidt, 1956; M is ta k id is ,  1957) 
have measured carapace len g th  ( in  Pandajfilus spp.) i n  
d i f f e r e n t  ways but th e  r e la t io n s h ip  of the carapace  
measurements to t o t a l  len g th  i s  u s u a l ly  s ta t e d .
Macdonald (1927a) and Einarsson  (194-5) measured the  
d is ta n c e  between the  t i p  o f  th e  rostrum and the end o f  
the t e l  son in  M. norveg ica  w h i le  Ruud (1936) ,  using  
Mediterranean specimens, measured the  d is ta n c e  from the  
centre o f  the  eye to  the p o s t e r io r  margin of  the 6th  
abdominal j o i n t . Ruud g iv e s  the  r e la t io n s h i p  o f  t o t a l  
length  to  t h i s  measurement,, as 1 .2  which agrees c l o s e l y  
with the value found i n  t h i s  i n v e s t i g a t i o n ,  namely 1 . 23 .
I t  was decided to  adopt carapace len g th ,  from the  
base of the  eye notch to the p o s t e r io r  d orsa l  median edge 
of the carapace, as a measurement o f  the s i z e  of  the  
animals throughout the  course of i n v e s t i g a t i o n s  of the
F''
•V ■':':vh k '  -:'':q
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Pig. 33# A i-I. norV65;lea  being measured w ith  the modified  
screw micrometer.
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biolügy of M. norvegica  and consequently  i t  was 
necessary to d isco v er  the r e la t io n s h ip  of t o t a l  len g th  
to carapace l e n g th .  The carapace len g th  did not bear* 
a constant r e l a t i o n  to the len g th s  of other p a r ts  of  
the body, such as the  abdomen and t e l s o n ,  and i t  was 
d es ira b le ,  th e r e f o r e ,  to  d iscover  by how much and when 
i t  var ied .
Fresh M. norveg ica  were used and the measurements 
compared, in  a number of c a s e s ,  with th ose  made on 
specimens preserved  in  10^ form alin  in  sea  water. I t  
was found th at  i f  the animals were measured w ith in  two 
weeks of p r e s e r v a t io n  no s i g n i f i c a n t  d if feren ce  occurred.
Measurements of carapace length  were made with an 
ordinary screw micrometer (Mauchline, 1958a) which was 
modified ( f i g .  33) so that measurements could be made 
between two jaws, one f i± e d  and one f l o a t i n g .  The f i x e d  
jaw i s  independent o f  the f ix e d  micrometer a n v i l  and i t s  
p o s i t io n ,  r e l a t i v e  t o  the f l o a t i n g  jaw, can be a l t e r e d  
to allow a wide range of m.easuraments to be made. The 
measurements were made with an accuracy of 0 .1  mm.
T o ta l ,  t e l s o n  and abdomen le n g th s  were measured with  
an accuracy vary ing  from l .C  t o  0 .5  mm. u s in g  a Beck 
Vernier measuring mi crib sc ore.
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34-, The r e la t io n s h ip  of t o t a l  l e n g th  to carapace len g th  
in  H. norvégien ,
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• mature males; X mature fem ales .
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R e s u l t s .
T h e  c a r a p a c e  l e n g t h ,  f r o m  t h e  b a s e  o f  t h e  eye  n o t c h  
t c  t h e  p o s t e r i o r  d o r s a l  m e d i a n  e d g e  o f  t h e  c a r a p a c e ,  a n d  
the t o t a l  l e n g t h ,  f r o m  t h e  b a s e  o f  t h e  e y e  n o t c h  t o  t h e  
e n d  o f  t h e  t e l s o n ,  o f  19C  m a l e s  a n d  2 2 1  f e m a l e s  c a u g h t  i n  
October , w h e n  t h e  g o n a d s  were i m m a t u r e ,  w e r e  m e a s u r e d .
The r a t io  of t o t a l  length  to carapace length  var ied  from 
1+.03 to  -I- .67 in males and from 3#87 to  h-.JB in  females*  
The mean r a t i o  in  males and females was ^*33 and ^.27  
r e s p e c t iv e ly ;  th ese  were u s u a l ly  found to provide a 
s u f f i c i e n t l y  accurate means of  der iv ing  t o t a l  length  from 
carapace len gth  measurements. When the r e g r e s s io n  l i n e s  
were c a lc u la te d  ( f i g .  3'+) i t  was found that  males tended  
tc have a s l i g h t l y  greater  t o t a l  len gth  than fem ales  of  
the same carapace length but th e  d i f f e r e n c e  i s  not very  
s ig n i f i c a n t  ov/ing to the amount of  s c a t t e r .  I t  i s  a l so  
made l e s s  s i g n i f i c a n t  from a p r a c t i c a l  po int  o f  v iew  
because very few males with a carapace length  greater  
than 9*C mm. occui'.
T h e  a b d o m e n  a n d  t e l s o n  o f  2 7  s p e c i m e n s  o f  e a c h  s e x ,  
c a u g h t  i n  M a r c h  w h e n  t h e  g o n a d s  w e r e  m a t u r e ,  w e r e  
m e a s u r e d  a n d  t h e  r e s u l t s  g r a p h e d  a g a i n s t  c a r a p a c e  l e n g t h  
( f i g .  3 ^ )  38) .  M a l e s  w e r o  f o u n d  t o  h a v e  l a r g e r  a b d o m e n s
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and t e l s o ^ s  than fem ales  of corresponding carapace 
length .  There i s  much more s c a t t e r  in  th e  measurements 
cf t e l s o n  lenc^th than in th ose  o f  abdomen length even 
though only  animals in  good co n d it io n  were s e l e c t e d  f o r  
these I n v e s t ig a t io n s .  The r e la t io n s h ip  o f  t o t a l  len g th  
to carapace len gth  v a r ied  from ^ .12  to  ^.91 in  males and 
from 3#86 to  h . 33 in  fem ales .  The mean r a t i o s  in  males  
and fem ales  were V.27 and V.05 r e s p e c t i v e l y .  The 
reg ress io n  1 in e s  fo r  t h e s e  r e la t io n s h ip s  are shown b e s id e  
these fo r  October in  f i g .  3^* The length  o f  the  
carapace in  both sexes  has increased  r e l a t i v e l y  to the  
to ta l  length  as the gonads matured but the in crea se  i s
much grea ter  in  the fem ales  than in  the males. VJhy the
male carapace should tend to  s w e l l  at a l l  i s  not kno\m 
as there  i s  no corresponding sw e l l in g  o f  the  male gonads.
This change in  the t o t a l  len gth /carap ace  length  
r e la t io n sh ip  has been confirmed while  in v e s t i g a t i n g  the  
growth r a t e s  of males and females.  During the p er iod  
Jamary to  June, when the  gonads are maturing or mature, 
the d i f f e r e n c e  between th e  mean carapace len g th  of  males  
and fem ales  w ith in  a sample tends to  be s l i g h t l y  grea ter  
than at other t im es .  In  thé C-group, th e  male carapace  
does not change i t s  proportions  s i g n i f i c a n t l y ,  though
there i s  a tendency f o r  i t  to swell  s l i g h t l y ;  t h i s  i s  not
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shovai ill f i g .  3^ owing to the  l i n e  being  skewed round 
to  accommodate an errant measurement (a t  t o t a l  l e n g th ,
2 $*5)• The carapace length  of G-group fem ales  in c r e a s e s  
i n  len gth  by about 5^.
The carapace len gth  of th e  I-group males and 
fem ales  in c r e a s e  by about 2 .5  and 6  ^ r e s p e c t i v e l y  but 
s ince  the mean len g th  of the I-group fem ales  i s  o f t e n  
higher than th a t  o f  the males th e  mean in c r e a se  i s  o f te n  
as high as .
This in c r e a s e  ta'"es p la ce  before  th e  diatom and 
general p r o d u c t iv i ty  in c r e a s e s  of the  sea area ,  as the  
eggs are l a i d  during the diatom in c r e a s e .  Hence the  
est im ate  of th e  time o f  onset  o f  the spring growth of 
M. norvec ica  may be too e a r ly ,  in  the  case  of fem a les ,  
owing tb  the s w e l l in g  o f  the  carapace being mistaken fo r  
growth i n  len g th .
C on clu s ion s .
Carapace len g th ,  from th e  base of the eye notch to  
the p o s te r io r  d o rsa l  median edge of th e  carapace, i s  a 
good e s t im a te  of  body length  in  both sexes  when the  
animals are not mature. The r e la t io n s h ip  i s  almost the  
sane i n  males and females though th ere  i s  a tendency, not 
s t a t i s t i c a l l y  s i g n i f i c a n t ,  for  th e  males to  have a s l i g h t l y
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eater body le n g th  per u n i t  carapace len g th .  During 
uhe breeding season, however, carapace len g th ,  on 
average, o v e r -e s t im a te s  t o t a l  l e n g th  by about 1.5^ i n  
rales and by about in  fem a les ,  the error becoming
greater in  la rger  animals. The carapaces are sw ollen  
In males from January to  Ju ly  and in females from 
February or March to  Ju ly .
The fol"!owing r e g r e s s io n  equations  were c a lcu la ted :
Total length  (L) on Carapace len gth  (C):
Immature animals.
M a l e s .....................  L -^.V+C -  G.74-
Females ................. L ^.l8C + 0 .7^
Mature animals.
M a l e s .....................  L 3.72C + ^.09
F e m a l e s ................. L 3*8lC + 3*^0
Distance between base of eye notch to base o f  t e l s o n  (L) 
on carapace len gth  (C):
Immature animals.
Males .....................  L 3*9^C -  2 .30
F e m a l e s ................. L 3 o 3 C  -  G.G5
Mature animals.
Males .....................  L 3.21C + l .oG
F e m a l e s ................. L 3.11C + l .h h
-1^3-
V I I I .  Growth. M aturity  and M o r ta l i t y .
The l i f e  c y c le s  o f  euphausids are d i f f i c u l t  to  
determine owing to  the  u su a l  n e c e s s i t y  o f  sampling 
oceanic areas where th er e  i s  no guarantee th a t  the  same 
population  i s  in  the  same area a l l  the time. Bargmann 
(19^5) has p resented  e x t e n s iv e  data on the l i f e  h i s t o r y  
of liiv. h au s i  a sup erba. whose breeding season she found to 
extend over 5  ^ months, th e  r e s u l t in g  males and fem ales  
maturing 22 and 25 months l a t e r  r e s p e c t i v e l y .  She was 
unable to  determine whether th ey  survived t h e i r  f i r s t  
breeding season.
The l i f e  h i s t o r i e s  of the northern A t la n t i c  s p e c ie s  
have b een 'd escr ib ed  by E inarsson  (10^5)• He found that  
Thvsanopoda a c u t i f r o n s  matured at the end of i t s  second  
year but did not think ±t surv ived  much l a t e r  than th e  
breeding season. Thvsanoessa lo n g ic a u d a ta . in  the  Gulf 
Stream areas of the north A t l a n t i c ,  matures at the  end 
cf one year and d ie s  a f t e r  breeding; o f f  Greenland,  
however, i t  su rv iv es  i t s  second summer and breeds again  
the fo l lo w in g  spring .  T. inermis and T. r a s c h i i  have  
s im ilar  l i f e  h i s t o r i e s ,  n e i th e r  maturing in  northern  
waters u n t i l  th e  end of t h e i r  second year .  They may 
breed tw ic e  a f t e r  t h i s ,  reaching  an age of  3 years and.
according to  L inarsson, p o s s ib l y  more. In southern  
waters th ese  sp e c ie s  mature at the  age of one year and 
sp2.™ again the next summer at the age of a years .
Poulsen  (1926) ,  examining samples of M. norv e g ic a  
Irom Shagerrak, found two s i z e  groups in  May: they
ranged in  s i z e  ( t o t a l  length) from 22 to  31 mm. and 
irom 27 to  35 mm. r e s p e c t i v e l y .  The former group wras 
always p resen t  in  la rg er  numbers than the l a t t e r  wrhich 
be considered  to be one year o ld er .
The growth ra te  and duration of l i f e  o f  
!.. i:.orve^iCci in  the Mediterranean, Cadiz Bay and the  
lap o f  B iscay  were in v e s t ig a te d  by Ruud (1938) .  He 
concluded th at  the animals matured at one year o ld ,  
increased  in  s i z e  between the breeding season and th e  
fo l lo w in g  w/inter, and p o s s ib l y  bred fo r  a second time  
the follow/ing spring .
Einarsson (19^5) confirmed P o u lse n ’e r e s u l t s  and 
suggested that  the  second time spawners (I-group) are  
normally more prominent in  the  popul-^tion than Foul sen  
found. The C-group animals had a t ta in e d  a len gth  o f  
about 25 mm. by t h e i r  f i t s t  breeding season, grew to  
about 3G mm. id th e ir  second summer season and bred 
again th e  fo l lo w in g  spring.
The present i n v e s t i g a t i o n  was made in  th e  Clyde aea
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area which i s  i d e a l  f o r  such s t u d i e s .  M. n o r v e g i c a  i s  
d i s t r i b u t e d  i n  t h e  deep t r o u g h s  (n e x t  ch a p te r )  wvhich are  
narrow and c o n s e q u e n t l y  r e l a t i v e l y  i a s y  t o  sam ple  
e i ' f i c i e n t l y .  Furthermore th e  mouth o f  t h e  F i r t h  o f  
Clyde i s  c l o s e d  by an e x t e n s i v e  submarine “p l a t e a u ” , o f  
average depth  about 58m.,  and s i n c e  t h e r e  a r e  no known 
dense p o p u l a t i o n s  o f  M. n o r v e c i c a  im m e d ia te ly  beyond
t h i s  p l a t e a u ,  t h e  number o f  an im als  j o i n i n g  th e  Clyde/
p o p u la t io n  from o th e r  a r e a s  i s  l i k e l y  t o  be n e g l i g i b l e .
Tae p l a t e a u  r e g i o n  h a s  been sampled, w ith  n e g a t i v e  
r e s u l t s ,  f o r  a d u l t s  and l a r v a e  during  i n -  and o u t - g o i n g  
t i d e s  i n  th e  b r e e d in g  se a s o n .
Though t h e r e  are  s e v e r a l  d i s t i n c t  s u b - p o p u l a t i o n s  
of M. n e r v e " i c a  w /ith in  the  Clyde at c e r t a i n  t im e s  o f  t h e  
year ( n e x t  c h a p t e r ) ,  th e  growth r a t e s  in  t h e s e  are  a lm ost  
i d e n t i c a l  so t h a t  sam ples  ta k e n  at  t h e  same t im e  i n  
s e v e r a l  d i f f e r e n t  a r e a s  have been  lumped t o g e t h e r  a f t e r  
p r e l im i n a r y  a n a l y s e s .
The p o p u l a t i o n s  w;ere sampled as o f t e n  as  p o s s i b l e  
using  2 m. and 1 m, s tram in  n e t s .  I t  was s u g g e s t e d  th a t  
M. n e r v o ; / i c a . owing t o  i t s  l a r g e  s i z e  and a g i l i t y ,  co u ld  
escape from t h e s e  n e t s  d ur ing  th e  day and so s e v e r a l  t e s t s  
were made. The 'ship steamed at th r e e  sp e e d s  over a 
course f i x e d  by landmarks.  Tows wrere th u s  o f  eq u a l
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ci stance and, to  combat d isc r e p a n c ie s  caused by cu rren ts ,  
the n e t s  were towed an equal number of times at the  
sane speed up and then down L. Fyne. The s low est  and 
nedium speeds (ca .  and ca. k knots r e s p e c t i v e l y )  
produced very s im ilar  r e s u l t s  but the sample taken at  
the f a s t e s t  speed (ca .  5& nots)  contained tw ice  as many 
specimens over 35 mm. t o t a l  length ;  l i t t l e  d i f f e r e n c e  
vas found in  th e  numbers of specimens smaller than t h i s .
I t  was c n  eluded, th e r e fo r e ,  that  except "^ or th e s e  
larger s i z e  c l a s s e s ,  which are a minority  group of the  
population, the  speed of towing did not matter and so 
;ho net was c o n s ta n t ly  towed at about h knots .
The samples were preserved on board ship in  10^ 
formalin i n  sea  water and brought back to th e  la b o ra tory  
vhere the sex o f  each in d iv id u a l  was determined and i t s  
carapace length  measured. A sample of 158 M. n orveg ica  
vas measured b efo re  and at i n t e r v a l s  a f t e r  p rese rv a t io n  
In form alin .  After  1C days, o f  p r e se r v a t io n  the mean 
carapace len g th  only varied  by C.C3o mm. from the r e s u l t  
obtained from the specimens when f r e s h ,  and t h i s  i s  
ascribed to er ro rs  of measurement. A fter  t h i s  the  
carapaces of i n d iv id u a l s  w ith in  the sample tended t o  
change th e ir  '^reportions and errors  o f  up t o  C.2 mm.
E i p p eared. A l l  samples, th ere fore ,  were measured w ith in
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a wee "^ o f  p r e s e r v a t i o n  whenever p o s s i b l e .
I'et w e ig h t  was e s t im a t e d  by t r y i n g  t o  p a r t i a l l y  
dry th e  c u t i c l e  and l im b s  i n  as  c o n s t a n t  a manner as  
p o s s i b l e  and t h e n  w e ig h in g  th e  a n im a ls  i n  p r e v i o u s l y  
weigh6d w e ig h in g  b o t t l e s .  The b o t t l e s  w i t h  t h e  
animals were t r a n s f e r r e d  t o  an o v en  at  90^0 and k ep t  
at t h i s  t em p e r a tu r e  f o r  h  h o u r s .  They were t h e n  ta k en  
from t h e  oven  and c o o le d  i n  a d e s s i c a t o r  b e f o r e  
rew eigh in g .
A l l  measurements are  g iv e n  as  ca r a p a c e  l e n g t h ,  
from th e  b a se  o f  the  e y e  notch  t o  t h e  n o s t e r i o r  median  
d o i s a l  edge o f  t h e  ca r a p a c e ,  and t h e  c o r r e s p o n d in g  
t o t a l  l e n g t h s  shown i n  b r a c k e t s .
R e s u l t s .
Egg l a y i n g  b e g i n s  i n  t h e  Clyde s e a  a r e a  at  t h e  end 
cf March or  b e g in n i n g  o f  A p r i l ,  t h e  t im e v a r y i n g  ÿrom 
year to  y e a r .  Macdonald (1927a)  r e c o r d s  e g g s  p r e s e n t  
in  th e  p la n k t o n  i n  t h e  f i r s t  week o f  March, 1926  w h i l e  
in  1927 t h e y  w ere  not e v i d e n t  u n t i l  May. Townet and 
stramin n e t  sam ples  ta k en  i n  A p r i l  com prise  e g g s ,  n a u p l i i ,  
c a l y p t o p i s  and e a r l y  fu r  c i l i a  s t a g e s ,  in  t h a t  order  o f  
abundance, as w e l l  a s  t h e  p r e v i o u s  w i n t e r ’ s G- and I - g r o u p s  
of a d u l t s .  By t h e  m idd le  o f  May, t h e  I -g r o u p  (now
—1,^8—'
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IZ-^roup) has dec l in ed  considerably  in  numbers w h ile  
increased numbers of f u r c i l i a  la rv a e ,  now mostly 3rd 
and 4-th stage, axe present;  eggs and n aup li i  are now 
scarce.
The eggs develop quick ly ,  taking about 3 days 
from the  time of lay ing  fo r  n a u p l i i  to  hatch out.
The duration of each of  the two nauplius  and one 
metanauplius s tage  i s  thought to  be 2-3 days w hile  th a t  
Ü- the caljp)topis and fur c i l i a  s ta g e s ,  about 10 s ta g e s  
a ltogether ,  must be about 5-6 days each as a la rg e  
number o f  adolescent M. nor v e s i c a  were found in  the  
plankton 2 months a f te r  egg lay ing  commenced ( f i g .  37? 
May, June, 1957).
Eggs were present in  the  plankton throughout th e  
period beginning o f  April  to  begî_nning of  July .  There 
were, however, two peak p er iod s  o f  egg la y in g ,  the  
f i r s t  at the beginning o f  A p r i l ,  the second at the end 
of June. A l l  s i z e s  of fem ales  l a id  eggs in the f i r s t  
period but the females which l a i d  during the second 
period were much la r g e t  and were thought to be e i th e r  
large G-group (now I-group) specimens lay ing  for a 
second time or females derived from eggs l a i d  during the  
second peak period o f  spawning o f  the prev ious  year, and 
now suaiming fo r  the f i r s t  t ime. The l a t t e r  specimens
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might be expected to  grow at a f a s t e r  r a t e  than th e  main 
brood of that  year and consequently  become i n d i s t in g u i s h a b le  
from them as the winter p ro g re sse s  and the spring  
a c c e l e r a t io n  in  growth takes  p la c e .  a proport ion  of the 
previous  v n n t e r ’ s I-group a l s o  spawns at t h i s  t im e.
The a d u lts  o r ig in a t in g  from t h i s  second spawning peak 
can be c l e a r l y  seen at the lower end o f  the p o p u la t io n  
histograms as a small peak protruding from the main 0 - group 
one ( f i g .  37; 1955? t o  F e b . , 1956).
By the winter  the carapace len gth  has in crea sed  
( f i g .  38) t o  5*5' to  6 mm. (24- to 26 mm.). L i t t l e  
growth took p la ce  i n  th e  winter and on ly  o c c a s io n a l ly  was 
a specimen caught which had newly moulted or was about 
to moult. The gonads, however, develop throughout t h i s  
time, about $0% o f  the  males having f u l l y  formed 
spermatophores in  th e  vasa  d e fe r e n t ia  by mid-January  
( f i g .  38) .  These were tr a n s fe rre d  to  th e  fem ales  during  
January and the beginning of February ( f i g .  38) v/hen, as 
Bargmann (1937) noted i n  Eurhausia suuerba. th e  eggs i n  
the ovary ( f i g .  37) are only about a quarter of the  
diameter they id. 11 a t t a in  when r i p e .
ÿ h is  C-group now becaiiie the  new I-group and growth 
in  le n g th  a c c e le r a te d .  The time of commencement of the  
in c r e a se  in  the growth ra te  i s  thought to  be e s t im a ted  too
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ear ly  owing to the carapace sw e l l in g  as th e  animals  
mature ( l a s t  ch a p ter ) .  The curves for  th e  s t a t e  of 
maturity of th e  o v a r ie s  are shown under the  appropriate  
parts  o f  the groi'rth curves ( f i g .  38) .  Most of t h i s  
year group la y  th e ir  eggs by the end of May w hile  a 
large  number of th e  older age group continue  to  l a y  
u n t i l  J u ly .  The co r rec ted  es t im ptes  of  the mean 
carapace length  of  fem ales  ( f i g .  3 8 ) ,  obtained from 
f i g .  35, approximate very c l o s e l y  to  th e  actua l  
es t im ates  of th e  mean carapace length  in  the males  
throughout t h i s  p er iod .  The c o r r e c t io n s  fo r  th e  male 
carapace are n e g l i g i b l e ,  not amounting to  more than  
- 0 .1  mm.
Even with th ese  c o r r e c t io n s ,  th e  a c c e le r a t io n  in  
the growth r a t e  seems to have s ta r t e d  some time between  
the beginning of February and the middle of March w hile  
the diatom and genera l  p r o d u c t iv i ty  in c r e a s e s  of th e  
area d id  not appear to  tal:e p la c e  u n t i l  the  beginning of  
A p r i l ,  th e  time when the  eggs were l a i d .
By June, th e  grovrth r a te  had slowed down, the mean 
carapace len g th  being about 8 t o  9 mm. (34- to 38 mm.).
Very l i t t l e  growth took p la ce  throughout the winter  
except fo r  the gonads again becoming matute. The females  
have a lai'ger mean s i z e  owing to  the presence of specimens
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rr.easuring up to  11 . u mm. carapace len g th  (up to  4-6 mm.), 
while males over 10 .5  mm. (4-4- mm.) are r a r e ly  found.
The spring a c c e le r a t io n  in  the  growth r a te  of the I-group  
seems to  be b e t te r  corre la ted  with th e  p r o d u c t iv i ty  
in creases  o f  th e  sea area. The mean carapace length  
values have been co rrected  in  both sexes  and th e  female  
curve fo l lo w s  the male, growth s ta r t in g  in  March t o  A p r i l .  
Ty July  they have a mean carapace length o f  about 10.0  
to 11 .0  mm. (4-2 to 4-8 mm.). A few specimens o f  t h i s  
group ai'e found throughout the  wint^r, and seem to surv ive  
u n t i l  January ( f i g .  37, 1956) in  the case of mail es (time  
of sperraatophore transferen ce)  and to March (egg la y in g )  
in fem ales .
The Wet and dry w eights  of M. n orvev ica  were 
in v e s t ig a te d  sev era l  t im es  during th e  ner iod  October to  
Epril in  two years  ( f i g .  39).  In  December, 1955 and 
March and October, 1956 males were s l i g h t l y  heavier  than  
females of corresponding capapace len gth  but there  were 
no s i g n i f i c a n t  d i f f e r e n c e s  between them in  any other  
month in v e s t ig a te d .  During the per iod  December, 1955 to  
A pril ,  1956 an apparent decrease in  the weight per u n it  
carapace length  ( f i g .  39) took p la c e  in  both sexes .  As 
March and Apr i l  are in  the breeding season, when the  
c:rapace i s  swollen ,  the measurements were corrected  and
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the r e s u l t i n g  w eights  per u n it  carapace length compared.
The wet weight of th e  males had decreased by 55" and th e  
dry weight by 18$7 between December and March; an in c r e a s e  
of 2C.7/« and 4-.2fî in  the wet and dry w eights  r e s p e c t i v e l y ,  
took p la c e  in  the  fem ales .  An in c r e a s e  in  the weight of 
the fem ales  i s  expected at t h i s  time of year owing to  the  
growth and maturation o f  the gonads but why th er e  should  
be a decrease  in  the male weight i s  not knom. There i s  
a high r a t e  of m o r ta l i t y  among the  males during March (see  
la ter )  and th e s e  tv/o events  may be connected. This change 
in  weight did not appear to  be taking p la ce  in  1956-57 but 
tne experiment was not carried  on long enough as the  
ovaries  only s t a r t  to mature in  January. The weight per 
unit carapace len g th  of the males was not changing 
s i g n i f i c a n t l y ,  even in  the l a s t  January haul.
The mean p ercentage  v/ater con tent ,  that i s  the  
d i f fe r e n c e  between the wet and dry w eights  expressed  as  
a percentage of the wet w eight ,  was found to  in c r e a se  
during the w inter as the animals matured (Table 7, see o v e r ) .
In the 1955-56 r e s u l t s ,  th e  in c r e a se  in  percentage  
was greater  in  the fem a les ,  which were mature in  the  
March and A p ri l  experiments,  than in  the males which were 
past t h e i r  peak period  of  maturity .  In 1956-57, no r e s u l t  
i s  a v a i la b le  fo r  the  peak period  of maturity in  the
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s t a t i s t i c a l  s i g n i f i c a n c e  "between p a ir s  of  data i s
i n ' ^ i c a t e d :
Table 7.
D a t e
13. 1 2 .55
i . ; . 5 6
5 A .56
31.1c.56 
28.11.56 
3.1.57
s i g n i f i c a n t  
not s ign .
Males
73 .56^: 
77. Vo?:
76.VCK
73. 77?; not s ign .73 .8  V?; s i g n i f i c a n t75. 88?;
77. 39;
s i g n i f i c a n t
Females
73. 81?;
77.92?;
77. 53;
7 5 . 07?; 
73. 69;  
7V .99;  
76.vv?;
s i g n i f i c a n t
s i g n i f i c a n t
s i g n i f i c a n t  
s i g n i f i c a n t  
s i g n i f i c a n t
females but the l a s t  haul in  January comprised mature 
males and the greater  in crea se  in  percentage  was found 
in  the males. Thus i t  would seem that  in crea s in g  
water content i s  r e la t e d  to  in c r e a s in g  m aturity  but 
further work i s  required before  the s p e c i f i c  reasons for  
th i s  are knoivn.
The ra t io ,  of m ales /fem ales  in  a l l  the  samples 
a v a i la b le  was ca lc u la te d .  Mhen th e  v à lu e  of  t h i s  i s  
greater than 1 .0  females  are dominant and v i c e  v er sa  for  
values l e s s  than l . o .  From O ctober, 1955 t o  the f i r s t  
ueel: o f  January, 1956 the sexes  were present  in  equal
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numbers ( f i g .  3 8 ) .  The proportion of  fem ales  then rose  
and, fo l lo w in g  a s l i g h t  r e la p s e ,  th e  r a t io  reached a 
maximum value  of 1 .9 2 .  Concurrently, the proport ion  of
0 - group to I-group males decreased ( f i g .  37, March), 
having p r e v io u s ly  dominated the p opu la t ion .  This  
decrease immediately fo l lo w ed  the time at which spermatophore 
transference  was most frequent ( f i g .  3 8 ) .  In 1957, th e  
females dominated the winter popu lat ion  and in  January 
became s l i g h t l y  more dominant. No sample was a v a i la b le
in  February and so th e  suspected  curve has been continuod  
to the March r e s u l t ,  when the males were dominant. This  
i s  thought to be j u s t i f i e d  owing to  th e  spermatophore 
transferen ce  curve, which was almost ir ie n t ic a l  in th e  two 
years in c lud in g  Febnuary, 1957 wdien enough specimens were 
obtained to produce v a l i d  r e s u l t s  fo r  i t .
I t  would seem th e r e fo r e ,  that th e r e  i s  a high  
m orta l ity  in  the males fo l lo w in g ,  and p o s s ib l y  ovring t o ,  
the peak p er io d  of spermatophore t r a n s fe r e n c e  in  January-  
February.
In A p r i l ,  however, th e  proportion  of  the G-group to  
the I-group increased  but t h i s  i s  not ev ident in the m ale /  
female r a t i o  curve ( f i g .  38) ,  p o s s ib l y  because of th e  
simultaneous high female m o r ta l i ty .  The proportion  of the
1-group (now I l-grou p ) males which su rv ive  to  the  autumn i s
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v a r ia b le  and very  few I l -grou p  specimens have been caught 
l a t e r  than September.
In March, 1956 the  proport ion  of the 0 - group fem ales  
increased  in  r e l a t i o n  to the I-group before  any eggs were 
evident in  the plankton. At the beginning of February,  
only about 5^^, w h i le  in  the f i r s t  week of March about 
9Û/J, of the fem ales  were found to have spermatozoa in  
thoir  spermathecae ( f i g .  38) and consequently  t h i s  change 
in  the p o p u la t io n  com posit ion may be owing t o  m o r ta l i t y  
caused d i r e c t l y  or i n d i r e c t l y  by spermatophore t r a n s fe r e n c e .  
Egg la y in g  s ta r t e d  s l i g h t l y  e a r l i e r  in  1957 than in  1956,  
eggs being found in  the plankton in  the second f o r t n ig h t  
of Mai'ch in s t e a d  of the  f i r s t  week o f  A p r i l .  T his  agrees  
c lo s e ly  w ith  th e  r e s p e c t iv e  d ecreases  in  the numbers of  
females caught, thus su gg es t in g  a heavy m o r ta l i t y  at egg 
la y in g .
Ho in form at ion  has been gained on any in crea se d  
m o rta l i ty  at the  second peak of egg la y in g .  The numbers 
of both sexes  decrease  considerab ly  throughout the  summer 
buv whether t h i s  i s  owing to  the continued breeding of the  
animal or to  predation  i s  not known. A part of t h i s  
decrease may be f a l s e  owing to th e  d i s p e r s a l  o f  the  
animals i n  the summer. Errors in e s t im a t in g  the  amount 
of m o r ta l i t y  tak ing  p la c e  are known to  a r i s e  a f t e r  May
- l o i -
owing t o  t h e  a n im a ls  g r a d u a l l y  s p r e a d in g  over a much 
v i l e r  a r e a  than p r e v i o u s l y .
The sperm atheca  o f  t h e  f e m a l e s  i s  l i n e d  w i th  c h i t i n  
and c o n s e q u e n t l y  spermatophore t r a n s f e r e n c e  i s  c o n t in u e d  
throughout t h e  summer but no secon d  peak in  t h e  f r e q u e n c y  
of t r a n s f e r e n c e  cou ld  be d i s c e r n e d .  N e a r ly  a l l  th e  
n a le s  c a r r y  sperm atophores  i n  t h e  e j a c u l a t o r y  duct  and. 
a l l  f e m a l e s ,  throughout  May, June and J u l y  have  sperm-  
p lu g s .  The f r e q u e n c y  o f  m o u lt in g  was n o t  examined but  
from t h e  numbers o f  c a s t s . > found i n  t o w n e t s  and from t h e  
number o f  spec im ens  which m ou lted  i n  th e  l a b o r a t o r y ,  t h e  
r a te  i s  thought  t o  be h igh  enough to  n e c e s s i t a t e  
r e f e r t i l i s a t i o n  2 or 3 t im e s  dur ing  t h e  s e a s o n .
F u r th er  m o r t a l i t y  i s  p o s s i b l y  ca u se d  by t h e  h e r r i n g  
vhich a re  most p l e n t i f u l  i n  t h e  Clyde from August t o  
October,  t h e  p e r io d  when t h e  I -g ro u p  d e c l i n e d  i n  numbers.  
Examination o f  h e r r in g  g u t s  showed t h a t  t h e y  were f e e d i n g  
on M. n c r v e a i c a  and v e r y  l i t t l e  e l s e .  Other f i s h  such as  
the d o g f i s h  ( S. a c a n t h i a s ) and young hake were found  t o  be  
f e e d i n g ,  to  a l a r g e  e x t e n t  on M. n o r v e e i c a  but  th e  amount 
of m o r t a l i t y  caused  by t h e s e  p r e d a t o r s  c o u ld  n o t  be  
determ ined .
- l o 2 -
C on clu s ion s .
The growth ra te  of  M. norvovlca  in  the Clyde sea  
area does not wholly  agree with p r e v io u s ly  p u b l ish ed  
r e s u l t s  from other areas .  Ruud (1936) ,  working on 
norvegica  i n  the Bay of B isca y ,  Cadiz Bay and th e  
Mediterranean, the southern l i m i t  of  d i s t r i b u t i o n  of  
t h i s  s p e c i e s ,  found the w inter ing  0 - group to  measure 
about 23 mm. Einarsson (194*5), d escr ib in g  r e s u l t s  
obtained  from p op u la t ion s  at the northern l i m i t  of  
d i s t r i b u t i o n ,  found a mean s i z e  of about 20 mm. These  
are both lower than the  Clyde measurement o f  about 25 mm.
Ruud did not d e sc r ib e  th e  I -group ,  though he 
considered th at  i t  e x i s t e d ,  but E inarsson  found the mean 
len gth  during the winter to  be about 3I  mm. Even in  
the summer (June -  July)  the mean len g th  did not exceed  
32 to 33 mm. in  the area south o f  Ic e la n d  where the  
f a s t e s t  growth ra te  occurred. Fou lsen  ( 1926) has too  
few r e s u l t s  t o  make a v a l i d  comparison vdLth the p r e se n t  
data.
The growth ra te  of M. norveizica i s  slower in colder  
than warmer water (Einarsson, 194*5)* In the  Clyde,  
however, the growth r a t e  i s  even f a s t e r  than th a t  found 
by Ruud in  the southern areas and th e  o lder  Clyde la r v a e ,
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as descr ibed  p r e v io u s ly ,  were la r g e r  than any d escr ib ed  
by other authors.  I t  would seem, t h e r e f o r e ,  th a t  th e  
con d it ion s  in  the  Clyde must be e:rfcremely favourable  
for  t h i s  s p e c i e s .  okagerrak would a lso  seem to  be a 
favourable  area as Po u i sen records  the range o f  s i z e  of  
the I-group (then I l -g ro u p )  i n  May as 32 to  37 mm. but 
t h i s  group did not seemingly su rv ive  to October ithen he 
recorded the range o f  the new C-group as 13 to  25 mm. 
and the prev ious  w i n t e r ’ s 0 - group as 27 to  35 mm. A 
s im ilar  s i z e  range was found in  a sample, a l s o  taken in  
October in Skagerrak, by Einarsson.
The author has found the s i z e  range of the w inter  
I-group to  be about 31 to 4-2 mm. with a moan of about 
37 mm. The percentage o f  the populat ion  represented  
by t h i s  group at breeding v a r i e s ,  being about 4-0  ^ i n  
1956 as compared to about 5 to  10^ in  1957* No 
comparisons with E in a r s so n ’ s data can be made owing to  
b is  samples on ly  extending from May to  October.
The a c tu a l  ra te  of growth can vary very  much from 
year to  yeai’. In the l a t e  summer and autumn of 1957,  
a fter  an extremely s u c c e s s f u l  l a r v a l  season, th e  0-group  
increased  to th e  s i z e  u s u a l l y / a t t a i n e d  by the  average
I-group, w hile  the  mean measurement of th e  I-group was 
comparable to measurements u s u a l ly  obtained from I l-grou p
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specimens. Conversely,  mature males and fem ales  
measuring only  12 to  15 mm. r e s p e c t i v e l y  have been 
fo'jnd in  the spring.
-tuud concluded and Einarsson conlirmed i t ,  th a t  
the breeding season extended for  2 to  3 months and t h i s  
has proved to  be so in  the Clyde. The breeding season  
in  th e  southern areas o f  d i s t r i b u t i o n  i s  from January  
or February to  April  v/hile Einarsson s t a t e s  th a t  they  
spawn from March to  J u ly  in the northern l i m i t s ,  as 
they do in  the Clyde. Lucas, Marshall and Rees (194-2) 
concluded that  there  might be two breeding seasons of  
M. norve^ica  in  the Faroe- Ehe t land Channel. I t  i s  
thought, ra th er ,  that they may have d e te c te d  two peak  
snawning p er io d s  in  a continuo-’is breeding season.
The I-group matures, on average, 2 to  3 weeks b efore  
the average C-group specimens but seems to  t r a n s fe r  
spermatophores and l a y  eggs at the same time as th e  
smaller animals and not e a r l i e r ,  as Ruud found in  the  
Mediterranean.
The l i f e  h i s t o r y  of M, norvec ica  th e r e fo r e ,  i s  as 
fo l lo w s :  the  eggs are l a i d  from March to  J u ly ,  th e  new
Ü-group a t t a i n i n g  an average len gth  of about 25 mm. b^  ^
the l a t e  autumn. L i t t l e  growth talies  ^ la c e  throughout  
the w in ter  but by January the  males, and by February to
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Narch, th e  fem ales  are mature. Spermatophores are 
transferred  in  January and February, in  the f i r s t  
in stan ce ,  the  eggs being l a i d  at the  end of March or 
beginning of A p r i l .  The 0 - group i s  now about one year  
old and grows throughout th e  spring and summer, reaching  
a nean len g th  o f  about 36 to  37 mm. by the autumn.
A high p ercen tage ,  in  some years as much as 80^, do 
nos su rv ive  t h i s  second summer. Those l i v i n g  to  the  
autumn are s low ly  reduced in  numbers throughout the  
Vinter, a vsir iable  percentage ,  3LÛ to 4-0^ *, tak ing  part  
in a second breeding season. A very  small percentage  
of the o r i g i n a l  C-group survive  u n t i l  the fo l lo w in g  
winter when they are about 2k to  years o ld .  A s t i l l  
smaller percentage seem to be able to survive  to a th ir d  
breeding season but no longer, having reached an age of  
2% to 3 years .
- l 6 6 -
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IX. L oca l  P o p u la t io n  iilcQlagy anl_Dlstrl l>utlQ ri.
Macdonald (1927a) ^ e s c r ib e d  th e  d i s t r i b u t i o n  of  
K. norvQgica w i t h in  th e  Clyde sea  area .  He found the  
s p e c i e s  t o  be most abundant i n  Upper Loch Fyne o f f  
Creag a ‘ P h u i l l  ( P o l l )  and a t  a s t a t i o n  midway between  
th e  L i t t l e  Cumbrae I s .  l i g h t  and Garroch Head. I t  
a l s o  occurred  in  Lower L. Fyne (8 .  o f  th e  G i t i r ) , 
Kilbrannan Sound, and o f f  Cock o f  Arran, A few  
specimens were caught i n  Lochs S t r i v e n ,  Long and Goil"- 
during t h e  summer but t h e s e  d isap p ea red  towards t h e  end 
of November. The e x a c t  l o c a t i o n  o f  each of the  above 
s t a t i o n s ,  e x c e p t in g  Creag a* P h u i l l ,  i s  n o t  s t a t e d  nor 
th e  e x a c t  d a tes  on which t h e y  were v i s i t e d .  He d oes ,  
howéver, remark th a t  “A d u lts  o f  a l l  s i z e s  tend to  
d isap p ear  from th e  Clyde Sea Area from May t o  September.  
S e v e r a l  h a u ls  were made in  May and June in  Upper Loch 
Fyne, where the  s p e c i e s  i s  u s u a l l y  most abundant, but no 
specim ens were found d u i i n g ' t h e  day, and o n ly  a few  (not  
more th a n  6 i n  th e  1 -m etre  stramin n e t )  during th e  n i g h t .  “
In  t h e  p r e se n t  i n v e s t i g a t i o n ,  the  s t a t i o n s  ( f i g .  M3) 
most o f t e n  v i s i t e d  were im m ediate ly  north  of  Tarbert and 
o f f  S gat  M6r ( i s l a n d  i n  lower Loch F yne) .  A number o f  
t r i p s  were made at  v a ry in g  sea so n s  to  Creag a' P h u i l l ,
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Fig* ^1, Hap showing the d i s t r i b u t i o n  o f  deep w ater  in  
th e  Clyde s e a  area*
Black , 8G fathoms contour;  l i n e  contour,  ^0 fathoms 
contour; d o t t e d  contour o f f  Knock C a s t l e ,  ^0 fathoms.
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L. S t r i v e n ,  L. Long, L. G o i l ,  o f f  Knock C a s t l e ,  L i t t l e  
Cumbrae-Garroch Head, N o r th -e a s t  Arran area,  Holy I s l e ,  
Great P la t e a u ,  Cai'radale, C a t t a c o l ,  and Loch Ranza 
( f i g *  ^0)*
The h a u ls  were ta k en  w ith  1 m* and 2 m. stram in n e t s  
a t  v a r io u s  hours o f  th e  day and n i g h t .  Samples were  
s o r te d  on board and p rese rv ed  i n  10^ fo r m a l in  i n  sea  
water f o r  fu r th e r  exam ination .
The Clyde Sea Area.
The Clyde Sea Area i s  broken up by lo c h s  e n te r in g
th e  main b a s in  and th e  p re se n c e  o f  th e  i s l a n d s  Arran,
Great and L i t t l e  Cumbraes and Bute ( f i g .  ^ 1 ) .  The 
Great P la te a u  guards th e  mouth o f  t h e  F i r t h ;  i t  h as  a 
mean depth o f  about 6C m* and ex ten d s  r i g h t  a c r o s s  from 
th e  southern end o f  Arran seawards t o  a l i n e  from Sand a 
I s i  t o  Loch Ryan.
A deep trough i s  p r e s e n t  on th e  e a s t  and west s id e
o f  Arran ( f ig *  ^1) t h e s e  meeting round the  north  end and
exten d in g  north-w estw ards  i n t o  L. Fyne* The depth i n  
t h e s e  ^roughs i s  100 -  200 m. The deep water sh a l lo w s  
q u ic k ly  at the  northern  end o f  lower L. Fyne, th e  p a r t  
o f  th e  lo c h  above t h e  O i t i r  b e in g  en te red  by a narrows o f  
60 m. depth. The p a r t  between th e  O i t i r  and Minard Bay
—1 7 0 -
does n o t  exceed 70 m. in  depth hut in  Upper L. Fyne 
depths of  150 m. are p rese n t .  Macdonald worked in  
t h i s  deep v/ater almost a l l  the t ime.
A trough of about I 30 m. depth l i e s  betv/een the  
Cumbraes and Bute but shallows at i t s  southern l im i t  
v/here i t  en ters  the  main trough running towards L. Fyne.
A patch of  80 -  100 m. depth l i e s  o f f  Knock C ast le  (north  
of Largs) and o f f  Dunoon; the remainder o f  th e  upper 
Firth  i s  about 6C - 70 m. in  depth, the water sh oa lin g  
in  v ar iou s  p la c e s  to  much l e s s .
Loch Piiddon, opening in to  the  Kyles of Bute, i s  very  
shallov/, ZO -  30 ra. , and no M. norveg ica  are found in  i t .
L. S tr iv e n ,  v/hich in  p la c e s  i s  80 m. in  depth, opens 
into Rothesay Bay v/hich i s  on ly  40 m. Macdonald found 
M. norvec ica  i n  t h i s  lo ch  but none have been found by the  
author, Eoly Loch and Gare Loch are to o  shallow f o r  t h i s  
s p e c ie s .  L. Long, o rening in to  the upper F ir th ,  has 
depths o f  80 -  90 m. as has L. G oil  which in  turn opens 
into i t .
A l l  th ese  loch s  must ob ta in  a heavy drainage from the  
surrounding high lands and though the  bulk o f  t h i s  f r e s h  
water t r a v e l s  on a su rface  o u t - f lo w ,  a la r g e  amount of  
the m ater ia l  brought in  by i t  s inks to  the bottom o f  the  
loch s ,  producing a r ic h  organic s u b s tr a te .  Considerable
-171-
Ixl GO
If) VOin
s
3 D D T  U 2 3 J 0 H
(D I—I
(j
CÜ!hPi03O
s
4-)A(D,QAo3n-i
-po3
"dddoCM
cn
do•rH
-po3
HD
AOA
0XÎ- P
4-4O
gV)-H
i "o
Ü
- J
^0 • H pH
-172-
lOOO
800
600
200
SEPT OCT. NOV. DEC JAN. FEB. M. APRIL
Fig. 4-3. The numbers caught in  a standard tow at  
d i f f e r e n t  times of the year.
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q ' la n t i t ie s  o f  land d e tr i t u s  are found in  suspension i n  
t i e  waters o f  L, Fyne.
Winter Fopi^latlons o f  M. n o r v e e lc a .
The res ident  population  of M. n o r v e - ic a  in  the  
Clyde sea area i s  s p l i t  up in to  s e v e r a l  sub-populations  
which, for  a part of the year, are independent of each 
o:her and s t a t i c  in  c e r ta in  areas.  Two populat ions  are 
more i s o l a t e d  than the r e s t ;  these  are the one in  
Upper Loch Fyne, which Macdonald s tu d ie d ,  and the one 
in Lochs Long and Goil .  Both th e s e  groups are separated  
by a d is ta n c e  of at l e a s t  10 m iles  from any other  
populations  and no adults  have been found in  t r a n s i t  
either  way.
The main mass of the population i s  found in  the  
trough funning up the ea s t  coast of Arran to  Tarbert,
L. Fyne. I t ,  however, i s  broken up in to  sub-populations  
which tend to  gather in  t  -e  deeper reg io n s  of the trough  
north of  Brodick, at Cock of Arran, o f f  3gat Mér and 
Tarbert.
Ü. fu rth er  large  population  i s  found on the west s id e  
of Aï*ran., in  the deep water west and north o f  Erins Bank 
near Carradale. Small groups have been found in the  
deep water running p a r a l l e l  with the Arran west c o a s t .
- 17^ "
b etw een  C a t t a c o l  and Conk o f  Arran.
During the v /inter,  October to January, l e n g t h /  
frequency histograms of p op u la t ion s  i n  th e se  deeps  
( f i g .  4-2) tend to  remain d i s t i n c t i v e  and con stan t  showing 
that l i t t l e  intercommunication talies p la c e  between the  
areas .  There i s  an in c r e a s e  in  the numbers caught  
( f i g .  4-3) in  c e r ta in  areas as the  autumn p r o g r e s s e s  and 
yet  m o r ta l i ty  ( s ee  l a s t  chapter) i s  tak in g  p la c e  a l l  the 
time. The numbers caught at s t a t i o n s  in  between th o se  
with in creased  p op u la t ion  numbers decreased showing that  
swarming in  c e r ta in  areas was tak ing  p la c e  (Table 8 ) .
T able  S .
Depth S ta t io n a3-25thOctober 8-13thNovember iBthDecember
l6 o  m. N. Tarbert 9$0 1272 1831
l4-0m. Tarbert-Sgat M6r 665 53 ' 100
19um. S. Sgat Mèr 905 338 200
190m. Ardlamont Point 312 126 If86
120m. L. Ranza 980 116 126
170m. Incbnarnock Water 280 871 6 i5
iSOm. Co ck o f  Arr an 360 830 1123
l 60m. Measured Mile 50C 80 1^8
During  January and F eb ru ary  sam pling  o f  t h e  p o p u l a t i o n s  
t e n d j  to  be i n e f f i c i e n t  owing t o  the a n im a ls  o c c u r r in g  i n
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p a tc h e s  o f  h ig h  d e n s i t y .  I t  i s  o f t e n  p o s s i b l e  t o  c a tc h  
v i r t u a l l y  no sp ec im ens  when tow ing  t h e  n e t  i n  one 
d i r e c t i o n  but on r e v e r s i n g  t h e  d i r e c t i o n  ( i . e .  a l t e r i n g  
i t  i n  r e l a t i o n  t o  w ater  c u r r e n t s  t h u s  c a u s in g  th e  n e t  
to  f i s h  at  a s l i g h t l y  d i f f e r e n t  depth )  up t o  1ÛGG h ave  
been cau gh t .  T h is  i n d i c a t e s  t h a t  M. norve^rica i s  
r e s t r i c t e d  v e r t i c a l l y  as w e l l  a s  h o r i z o n t a l l y .  At o th e r  
t im es  o f  t h e  year  t h i s  d i s c r e p a n c y  b e tw een  town i n  
d i f f e r e n t  d i r e c t i o n s  r a r e l y  a r i s e s .
The s t a t i o n s  w est  o f  Arran are  o f  p a r t i c u l a r  i n t e r e s t  
as t h e r e  are u s u a l l y  l a r g e  p o p u l a t i o n s  o f  M. n o r v e s i c a  
found i n  t h a t  a rea  during  t h e  autumn. On a 8 th  O c to b er ,  
1955 a 2 m. s tra m in  n e t  caught 2937 sp ec im ens  i n  20 
m in u te s .  T h is  was t h e  l a r g e s t  s i n g l e  c a t c h  made anywhere  
in  t h e  Clyde t h a t  autumn. A f u r t h e r  h a u l  was taken  on 
17th November, and on 19th  January  a t o t a l  of  1385  
spec im ens w ere  caught  in  a s i m i l a r  to w .  From O c to b er ,  
t h e r e f o r e ,  t o  January t h e r e  were p l e n t y  o f  M. n o r v e c i c a  
in  t h i s  a re a .  The sperm atophores  were t r a n s f e r r e d  t o  t h e  
f e m a le s  i n  January  but  b e f o r e  t h e  eg g s  w ere  l a i d  at t h e  
end o f  March to  b e g in n in g  o f  A p r i l  t h e  number of an im a ls  
caught at t h i s  s t a t i o n  had d im in i s h e d  t o  a lm ost  z e r o .
On 23rd  March tow s ^ e f e  ta k e n  from L. Ranza t o  C arrada le  
but n o t  one spec im en was ca u g h t .  The n e t  was f i s h i n g  v e r y
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Fig* The d i s t r i b u t i o n  of  M* nove.Fica on 11. k.  57*
The numbers r e f e r  to  the numbers caught at these  
s t a t i o n s  in  a standard tow.
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c lo s e  t o  the bottom, as was shown by the presence of  
bant h ie  animals in  the catch, so that o n ly  M, n o rv eg ica  
extremely c l o s e  to  the bottom would escape i t .
A s im i la r  t h in g  happened in  1957 when only 12 
specimens were caught between L. Ranza and Carradale on 
12th A p r i l .
In  L. Fyne, transference  of spermatophores took  
p lace  in  t h e  dense aggregations of animals which, in  
January 1956, were founi at "h Tarbert and Cgat M6r,
Tae numbers of both sexes i n  th ese  two deeps, however, had 
f a l l e n  con s iderab ly  by March (Table 9) though th e r e  were 
s u i l l  p len ty  of animals present .
Table 9 .
S ta t io n s 5 . 1 .5 6  1 8 .1 .5 6  2 .2 .5 6  1 5 .3 .5 6
h. Tarbert 1229 1175 4-32 201
.jgat; hd)]? jLl+iSlL S?:r9
S im ultaneously  with the f a l l  in  numbers in  L, Fyne 
and Ililbrannan Sound, the numbers in  the e x te n s iv e  deep 
area between Arran and Bute ro se  so that  at the beginning
of A p r i l  the populat ion  d i s t r ib u t io n  shown in  F ig ,  hî+ was
found. The d en s i ty  i s  d i f f i c u l t  to  measure in  t h i s  area
owing to  i t s  ex ten t  but in 1957-1958 a sampling programme
i s  bein.n ca rr ied  cut the r e s u l t s  o f  which again su ggest  a
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s u b s t a n t i a l  i n c r e a s e  i n  t h e  n u m b e r s  p r e s e n t  i n  t h i s  a r e a .  
I n  t h e  e a r l y  au tn .m n  t h e  c e n t r e  o f  t h e  l o c a l  p o p u l a t i o n  i n  
t h e  n o r t h - e a s t  A r r a n  a r e a  i s  u s u a l l y  b e t w e e n  C o c k  o f  A r r a n  
a n d  I n c h m a r n o c k .  D u r i n g  t h e  p e r i o d  e n d  o f  J a n u a r y  t o  e n d  
o f  M a r c h  t h e  p o p u l a t i o n  s e e m s  t o  s p r e a d  b u t ,  i n s t e a d  o f  a 
d e c r e a s e  i n  n u m b e r s  c a u g h t  p e r  h a u l , t h e y  r e m a i n  c o n s t a n t  
a n d  o f t e n  i n c r e a s e  c o n s i d e r a b l y .
I t  w o u l d  s e e m  t h . - t  t h e  l a r g e r  p a r t  o f  t h e  p o p u l a t i o n  
i s  i n  t h i s  a r e a  f o r  s p a w n i n g  a s  m o r e  e g g s  a r e  f o u n d  i n  t h e  
s u r f a c e  l a y e r s  o f  h e r e  t h a n  e l s e w h e r e .  F u r t h e r m o r e ,  t h e  
i n c r e a s e  i n  p o p u l a t i o n  t a k e s  n i e c e  i n  t h i s  a r e a  b e t w e e n  
t h e  t i m e  o f  s p e r m  a t  o n h o r e  t r a n s f e r e n c e  a n d  e g g  l a y i n g .
G l o v e r  ( 1 9 5 2 )  s h o w e d  t h a t  M. n o r v e ; r i c a  i n  t h e  Î T o r t h  
a e a  m o v e d  t o  c o a s t a l  w a t e r  f r o m  J a n u a r y  t o  M a y  a n d  t h e n  
o c e a n w a r d s  f r o m  J u n e  t o  D e c e m b e r .  A s  f a r  a s  i s  k n o i m , 
t h e  b r e e d i n g  s e a s o n  i s  a t  t h e  s a m e  t i m e  i n  t h e  f o r t h  S e a  
a s  i n  t h e  C l y d e ,  s o  t h z t  t h e  C l y d e  m o v e m e n t  m a y  b e  
r e l a t e d  t o  t h i s  s h e r e w e r d  m i g r a t i o n .
W h y  t h e y  s h o u l d  m o v e  t o  t h e  I n c h m a r n o c k  a r e a  i s  n o t  
c l e a r .  I n  t h e  C l y d e ,  I n c h m a r n o c k  i s  o n e  o f  t h e  m o s t  
c o m p l e x  a r e a s  p h y s i c a l l y ,  a n d  t h i s  m a y  b e  t h e  r e a s o n  w h y  
i z  i s  s i n g l e d  o u t  f r o m  t h e  o t h e r s .  A t e m p e r a t u r e  a n d  
s a l i n i t y  g r a d i e n t  u s u ^ l d y  e x i s t s  b e t w e e n  I n c h m a r n o c k  o n  
t h e  o n e  h a n d  a n d  K i l b r a n n a n  B o u n d  a n d  L .  F y n e  o n  t h e
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c t h e r ,  b u t  i t  i s  n o t  t h o u g h t  t o  b e  l a r g e  e n o u g h  f o r  t h e  
a n i m a l s  t o  d e t e c t .
T h e  m a i n  i n f l o w  i n t o  t h e  C l y ^ e  i s  t h o u g h t  t o  c o m e  
I'p t h e  w e s t  c o a s t  o f  A r r a n  i n  t h e  d e e p e r  w a t e r  a n d  . . 
h .  n c r v e u i o e  m i g h t  r e a c h  I n c h m a r n o c k  f r o m  t h e r e  b y  t h e s e  
c u r r e n t s .  P r e s u m a b l y ,  t h e s e  c u r r e n t s  a r e  p r e s e n t  
t h r o u g h o u t  t h e  y e a r  a n d  s o m e  s t i m u l u s ,  t h e r e f o r e ,  m u s t  b e  
r e q u i r e d  f o r  t h e  M. n o r v e s i c a  t o  b e  c a r r i e d  n o r t h w a r d s .  
T h i s  m a y  b e  p r o v i d e d  b y  t h e  c e s s a t i o n  o f  l u m i n e s c e n c e  
( d i s c u s s e d  l a t e r ) ,  f o l l o w i n g  s p e r m a t o p h o r e  t r a n s f e r e n c e ,  
w h i  c h  m i  frh t  a l  l o w  t h  e  n op  n . l a t i o n  t  o  ' d i  s p  e r  s  e .
I n  I .  P y n e ,  a s m a l l e r  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  
w o u l d  b e  a b l e  t o  d r i f t  s o u t h w a r d s  i n  t h e  s u r f a c e  o u t f l o w  
a s  t h e  b u l k  o f  t h e  p o p u l a t i o n  n e v e r  r e a c h  t h e  s u r f a c e  
d u r i n g  v e r t i c a l  m i g r a t i o n  ( c h a p t e r  V I ) .  N o t h i n g  i s  
h n o v /n  o f  t h e  ^ e e p e r  c u r r e n t s  i n  t h i s  a r e a  b u t  s o m e  m a y  
b e  c a r r i e d  g r a d u a l l y  d o w n  b y  t i d a l  m o v e m e n t s .
I t  i s  t h o u g h t  t h a t  t h e  c u r r e n t s  a r e  a  m o r e  l i k e l y  
m e a n s  o f  r e a c h i n g  I n c h m a r n o c k  t h a n  f o l l o w i n g  a n y  
t e m p e r a t u r e  o r  s a l i n i t y  g r a d i e n t s .
A w i n t e r  u o p u l a t i o n  o f  M. n o r v o r i c a  w a s  f o u n d  i n  
l o c h s  L o n g  a n d  l o i ] .  T h r e e  s t a t i o n s  w e r e  w o r k e d  s e v e r a l  
t i m e s ,  t h e  f i r s t  i n  8 0  m.  d e p t h  i n  t h e  u p p e r  p a r t  o f  
L .  L o n g  o f f  u t u c k b e g ,  t h e  s e c o n d  i n  9 0  m.  d e p t h
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i m n o d i a t e l y  s o u t h  o f  t h e  e n t r a n c e  t o  L .  G o i l ,  a n d  t h e  
t h i r d  i n s i d e  L .  G o i l  i n  8 0  m. d e p t h .
i n  t h e  s p r i n g  o f  1 9 5 6  a  f e w  s p e c i m e n s  w e r e  f o u n d  
a t  a l l  t h r e e  s t a t i o n s  b u t  v e r y  f e w  w e r e  f o u n d  t h r o u g h o u t  
t h e  s u m m e r , t h o u g h  e g g s  w e r e  e r e  s e n t .  I n  A p r i l ,  1 9 5 7  
a b o u t  I p O  o n e  y e a r  o l d  s p e c i m e n s  w e r e  c a u g h t  a t  s t a t i o n  2  
an d  a  n u m b e r  o f  t h e s e  l a i d  e g g s  o n  t h e  j o u r n e y  b a c k  o r  
t h a t  n i g h t  i n  t h e  l a b o r a t o r y .  T h e  o t h e r  t w o  s t a t i o n s  
g a v e  n e g a t i v e  r e s u l t s .  A s a m p l e  o f  a b o u t  o n e  y e a r  
c l ^ s  w o r e  t a k e n  i n  J u n e ,  1 9 5 7  a n d  i n  O c t o b e r  a  l a r g e  
n u m b e r  o f  t h e  n e w  C - g r o u p  w a s  p r e s e n t ,  b u t  t h e  I - g r o u p  
w a s  p o o r l y  r e p r e s e n t e d .  A l a r g e  M. n o r v e e i c a  h a s  n e v e r  
b e e n  c a u g h t  i n  e i t h e r  o f  t h e s e  l o c h s  a n d  t h e  n u m b e r s  o f  
t h e  s m a l l e r  I -  an d  C - g r o u p  p r e s e n t  s e e m s  t o  v a r y  v e r y  
m u c h  f r o m  y e a r  t o  y e a r .
M a c d o n a l d  f o u n d  v e r y  f e w  s p e c i m e n s  a t  a n y  o n e  t i m e  
i n  L o c h s  L o n g  a n d  G o i l  a n d  t h e y  d i s a p p e a r e d  f r o m  t h e s e  
a r e a s  t o w a r d s  t h e  e n d  o f  N o v e m b e r . .
K r a m p  ( 1 9 1 3 )  a c c o r d e d  t h e  a b s e n c e  o f  M. n o r v e ^ i c a  
i n  t h e  N o r t h  G e a  d u r i n g  t h e  w i n t e r  t o  t h e  s h a l l o w n e s s  o f  
t h e  a r e a .  D i n a r s s o n  ( 1 9 4 - 5 )  s u p p o r t s  t h i s  h y p o t h e s i s  
b e c a u s e  M* ^ . u r v u ' ^ i c a  m o v e s  t o  d e e p e r  w a t e r  f o r  t h e  w i n t e r .  
T h i s  m a y  b e  t h e  c a u s e  o f  t h e  a b s e n c e  o f  t h i s  s p e c i e s  i n  
t n e s e  l o c h s  i n  t h e  w i n t e r  a n d  a l m o s t  c e r t a i n l y  e : m l a i n s
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the absence  of the  l a r g e r  s i z e  c l a s s e s  which a s  Macdonald  
(1927a) and t h e  author ( c h a p t e r  VI) fo u n d ,  are  a lways  
p resen t  i n  deeper w ater  than  th e  s m a l l e r .
No H. n o r v j z i c a  were t a k e n  i n  L. S t r i v e n ,  a l th o u g h  
Macdonaid f o u n d  a few  t h e r e  i n  the  summer, but  the  lo c h  
was not v i s i t e d  v e r y  o f t e n .
Creag a' P h u i l l ,  M acdonald’ s c o l l e c t i n g  s t a t i o n ,  
was v i s i t e d  on s e v e r a l  o c c a s i o n s  but r a r e l y  were  
11 n orvG zica  caught i n  any numbers. Cn o n e  o c c a s i o n  
when t h e y  were p r e s e n t  in  l a r g e  numbers so u th  o f  the  
O i t i r ,  o n l y  6 sp ec im ens  were caught i n  Upper Loch Fyne.  
Macdonald seems to  have caught s i m i l a r  numbers i n  t h i s  
area but n e v e r  f o u n d  comparable numbers so u th  of the  
C i t i r ,  T h is  s u g g e s t s  t h a t  t h e  c h a r a c te r  o f  t h e  so u th ern  
part  o f  the  lo c h  may have  changed.
He found spec im ens  i n  th e  deep w a te r  b e t w e e n  t h e  
Cumbraes and B u t e  ( “Cumbrae Deep").  During t h e  p r e s e n t  
i n v e s t i g a t i o n  th e y  h a v e  been  caught t h e r e  i n  sm a l l  numbers  
throughout t h e  autumn o f  each  y e a r .  In  November and 
December o f  1 9 5 7  th ey  o ccu rred  in  g r e a t e r  numbers than  
p r e v i o u s l y  and are  n r e s e n t  i n  f a i r l y  l a r g e  numbers (6 0 -7 0  
s p e c i m e n s  per  20 minute tow w i th  a i m .  n e t )  a t  t h e  t im e  
of w r i t i n g  ( 1 3 t h  February ,  1 9 5 8 ) .  A few  i n d i v i d u a l s  
were c a u g h t  a t  Garroch Head during  t h e  Bummer.
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D g g  a n d  L a r v a l  D i s o e r s i c n .
A s  s t a t e d  a b o v e  t h e  b u l k  o f  t h e  e g g s  a r e  s n a w n e d  
i n  t h e  n o r t h - e a s t  A r r a n  a i ' e a .  F i n e  s i l k  n e t s  w e r e  
t o w e d  h o r i z o n t a l l y  a t  4- d e p t h s  a n d  c o u n t s  o f  e g g s  a t  
t h e  d i f f e r e n t  d e p t h s  m a d e  ( T a b l e  1 C ) ,  B o t h  h a u l s  
w e r e  m a d e  o n  t h e  l o t h  J u n e ,  1 9 5 7 *
T a b le  1C.
C arradale C a t t a c o l
s u f f a c e LK38;) 269
20 m. 1701 175
4-0 m. 965 89
6(j m. 4-37 64-
B i m i l a r  h a u l s  w e r e  m a d e  t h r o u g h o u t  t h e  s e a s o n  i n  
t h e  n o r t h - e a s t  A i ' r a n  a r e a  b u t  t h e  n u m b e r s  o f  e g g s  w e r e  
m u c h  l a r g e r .  T h u s  i t  i s  c l e a r  t h a t ,  s i n c e  t h e  e g g s  
s i n k  i n  s e a  w a t e r ,  t h e y  m u s t  b e  l a i d  a t  t h e  s u r f a c e .
T h i s  i s  r l s o  s h o w n  b y  t h e  f a c t  t h a t  e m b r y o a n d  n a u p l i i  
t e n d  t o  b e  f o u n d  d e e p e r  t h a n  e g g s .
E g g s  a r e  a l s o  l a i d  i n  L .  F y n e  s o u t h  o f  t h e  C i t i r  
a n d  n o r t h  o f  M i n a r d  B a y ,  o f f  C a r r a d a l e ,  a n d  i n  L .  L o n g  
b u t  g e n e r a l l y  i n  m u ch  s m a l l e r  n u m b e r s  t h a n  i n  t h e  n o r t h - e a s t  
A r r a n  a r e a .  T h e  m a i n  b r e e d i n g  a r e a  e x t e n d s  f r o m  j u s t
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s o u t h  o f  S g a t  M6r t o  o f f  t h e  m e a s u r e d  m i l e  o n  t h e  
n o r t h - e a s t  s i d e  o f  A r r a n ,  s a m p l e s  w e r e  t a k e n  r i g h t  
r o u n d  A r r a n ,  i n  L ,  F y n e ,  N o r t h - e a s t  A r r a n  a r e a ,  r o u n d  
t h e  C u m b r a e s ,  a n d  i n  D u n o o n  B a s i n  n o r t h w a r d s  t o  t h e  
m o u t h  o f  I .  l o n g .  D e c r e a s i n g  d e n s i t i e s  o f  e g g s  w e r e  
f o u n d  g o i n g  i n  e v e r y  d i r e c t i o n  f r o m  n o r t h - e a s t  A r r a n  
a r e a .
T h e  f o l l o w i n g  p a t t e r n  o f  s u r f a c e  d i s t r i b u t i o n  
e m e r g e d  f r o m  t l ' i i s  s a m p l i n g .  E g g s  f r o m  t h e  n o r t h - e a s t  
i U r r a n  a r e a  w e r e  c a r r i e d  i n  s u r f a c e  c u r r e n t s  s o u t h -  
e a s t w a r d s  d o w n  t h e  e a s t  c o a s t  o f  A r r a n  t o w a r d s  H o l y  I s l e .  
B i n c e ,  h o w e v e r ,  t h e s e  e g g s  s i n k ,  t h e  l a r g e s t  n u m b e r s  
w e r e  c a u g h t  i n  t h i s  s o t i t h e r n  a r e a  b e l o w  1 5  m .  d e p t h  
i n s t e a d  o f  a t  t h e  s u r f a c e .  T h e y  c o n t i n u e  s i n k i n g  a s  
t h e y  a p p r o a c h  t h e  G r e a t  P l a t e a u .  S a m p l e s  w e r e  t a k e n  o n  
a  l i n e  G i r v a n - A i l s a  C r a i g - S a n d a  I s .  o n  i n -  a n d  o u t - g o i n g  
t i d e s  b u t  n o  e g g s  w e r e  o b t a i n e d .  O n l y  1  f u i ’c i l i a  l a r v a  
w a s  f o u n d  a n d  t h i s  a t  t h e  n o r t h e r n  l i m i t  o f  t h e  P l a t e a u ,  
a t  a  p o i n t  d u e  s o u t h  o f  P I  a d  d a .
I t  i s  t h o u g h t  t h a t  t h e  e g g s  r e a c h i n g  t h e  a r e a  
s o u t h - e a s t  o f  P l a i d a  h a v e  s u n k  d e e p  e n o u g h  t o  e n t e r  t h e  
m a i n  o c e a n i c  i n f l o w  u p  I l i l b r a n n a n  S o u n d .  L a r v a e  f r o m  
t h e s e  e - g s  w o u l d  t h e n  t e n d  t o  e n d  u p  i n  t h e  d e e p  w a t e r  
t o  t h e  e a s t  o f  _ , r i n s  B a n k  n e a r  C a r r a d a l e .  V e r y  f e w
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e g g s  a r e  t h o u g h t  t o  b e  c a r r i e d  r o u n d  t h e  n o r t h w e s t  
c o r n e r  o f  A r r a n  a n d  d o w n  K i l b r a n n a n  S o u n d .  S i m i l a r l y  
f e w  a i ' e  t h o u g h t  t o  b e  c a r r i e d  i n t o  L .  F y n e .
A f u r t h e r  s p r e a d  o f  e g g s  t a k e s  p l a c e  f r o m  t h e  
n o r t h - e a s t  A r r a n  a r e a  n o r t h - e a s t w a r d s  r o u n d  G a r r o c h  H e a d .  
A g a i n  t h e  e g g s  a r e  s i n k i n g  d u r i n g  t r a n s i t  a n d  n e t s  
f i s h i n g  o n  t h e  e a s t  s i d e  o f  G a r r o c h  H e a d  c a t c h  t h e  
l a r g e s t  n u j n b e r s  a t  3 0  m. D e c r e a s i n g  n u m b e r s  o f  e g g s  
a r e  c a u g h t  t h e  f u r t h e r  u p  t h e  F i r t h  t h e  s a m p l e s  a r e  
t a k e n .  N o  e g g s ,  w h i c h  c a n  d e f i n i t e l y  b e  s a i d  t o  h a v e  
o r i g i n a t e d  f r o m  n o r t h - e a s t  A r r a n  a r e a ,  h a v e  b e e n  f o u n d  
n o r t h  o f  D u n o o n i
T h e  l o c a l  s p  a i m i n g  i n  L .  L o n g  m a y  g i v e  r i s e  t o  t h e  
f e w  e g g s  t h a t  h a v e  b e e n  f  o u n d  i n  t h i s  u p p e r  r e g i o n ,  a s  
t h e y  w e r e  c a u g h t  a t  a b o u t  1 0 - 2 0  m. d e p t h .
N o t h i n g  i s  k n o w n  a b o u t  t h e  s p a v m i n g  i n  U p p e r  L .
F y n e  o\j±ng t o  l a c k  o f  t i m e  t o  v i s i t  t h i s  a r e a  d u r i n g  
t h e  b r e e d i n g  s e a s o n ,  b u t  i t  i s  h o p e d  t o  e x a m i n e  i t  i n  
t h e  s p r i n g  o f  1 9 5 8 .
T h e  l a r v a l  d i s p e r s i o n  d e s c r i b e d  a b o v e  h a s  a n  e f f e c t  
o n  t h e  r e l a t i v e  a g e - g r o u p  c o m p o s i t i o n  o f  t h e  p o p u l a t i o n s
o f  t h e  d i f f e r e n t  a r e a s .  A l a r g e r  n u m b e r  o f  0 - g r o u p
an"'m a i s  q.re a l w a y s  f o u n d  do\m K i l b r a n n a n  S o u n d  t h a n  
e l s e w h e r e .
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T i m e  o f  Ez-? L a y i n g .
Dinarsson (194-5) s ta t e s  th a t "on th e  vjhole th ere  i s  
a ce r ta in  agreement between the spawning o f Euphausids 
and the on set o f  phytoplankton p rod uction , although the  
lack  of m ater ia l from A pril p rev en ts  any d e f i n i t e  statem ent 
to t h i s  e f f e c t " .
I n  t h e  C l y d e  s e a  a r e a  t h e r e  w o u l d  a l s o  s e e m  t o  b e  
s o m e  c o r r e l a t i o n  b e t w e  n  t h e s e  t w o  e v e n t s .  I n  1 9 5 7 ,  t h e  
d i a t o m  i n c r e a s e  w a s  w e l l  a d v a n c e d  o n  1 s t  A p r i l  a n d  t h e  
h e p  a t o p  a n c r e a s  o f  e a c h  M. n o r v e - ^ i c a  i n  a  haul, t a k e n  a t  
C o c k  o f  A r r a n  o n  t h a t  d a t e ,  w a s  d a r k  g r e e n  t o  b l a c k  i n  
c o l o u r .  T h i s  p h e n o m e n o n  w a s  n e v e r  s e e n  a t  a n y  o t h e r  
t i m e  o f  t h e  y e a r .  No e g g s  w e r e  e v i d e n t  i n  t h e  a r e a  b u t  
c n  t h e  1 1 t h  v e r y  l a r g e  n u m b e r s  o f  e g g s  w e r e  p r e s e n t ,  
u n f o r t u n a t e l y ,  n o  s a m p l i n g  w a s  d o n e  b e t w e e n  t h e  1 s t  a n d  
t h e  1 1 t h  b u t  f r o m  t h e  l a r g e  n u m b e r s  o f  e g g s  u r e s e n t  i n  t h e  
n o r t h - e a s t  A r r a n  a r e a  a n d  t h e  f a c t  t h a t  s o m e  h a d  r e a c h e d  
D u n o o n  B a s i n ,  w h e r e  n o  a d u l t s  w e r e  p r e s e n t ,  i t  i s  
c o n c l u d e d ,  t h a t  l a y i n g  h a d  b e e n  i n  p r o g r e s s  f o r  s o m e  t i m e .  
T h e  d i a t o m  i n c r e a s e  w a s  o v e r  i h  t h e  n o r t h - e a s t  A r r a n  a r e a  
b y  t h e  1 1 t h  A p r i l .
Cn A p r i l  l 6 t h .  Lochs Long and G o i l  w ere  sampled.
Gravid f e m a l e s ,  a s  w e l l  a s  e g g s  i n  t h e  p la n k t o n ,  were  
foujdd. F urtherm ore ,  a diatom i n c r e a s e  was a l s o  i n
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i n  p r o g r e s s  i n  both l o c h s  at t h a t  t im e .  No M. n o r v o e i c a  
. .ere found i n  L. G o i l .
There would seem, t h e r e f o r e ,  to be some c o n n e c t io n  
between egg l a y i n g  and diatom i n c r e a s e s .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  when t h e  stomachs o f  the  
h. n o r v e ^ i c a  w i t h  t h e  b l a c k  h e p a to p a n c r e a s es  were  
examined, v^ ry  f e w  d ia tom s  were fo u n d .  At not t im e  of  
the  y e a r  ( c h a p t e r  VI) do d ia tom s form a s i g n i f i c a n t  
p r o p o r t i o n  o f  t h e  d i e t  o f  t h e s e  eu p h a u s id s  but  a s u b s t a n c e ,  
termed "green-m ush" , was s u s p e c te d  t o  o r i g i n a t e  from  
p - f l a f e e l l a t e s .  L i t t l e  e v i d e n c e ,  how ever ,  cou ld  be found  
to  s u b s t a n t i a t e  t h i s  and i t  was f u r t h e r  thou ght  t h a t  t h e s e  
f l a g e l l a t e s  were t o o  s m a l l  t o  be caught by t h e  f i l t e r -  
f e e d i n g  s e . t u l e s  o f  M. norve<^ica.
Bummer P o p u l a t i o n s .
As shown i n  t h e  p r e v i o u s  c h a p te r ,  a h ig h  m o r t a l i t y  
t a k e s  p l a c e  in  t h e  m a les  and f W a l e s  at  t h e  b re e d in g  
s e a s o n .  T h is  i s  shown i n  th e  s u b s t a n t i a l  drop in  t h e  
numbers o f  sp ec im en s  caught  i n  a l l  a r e a s .
I t  was th o u g h t  t h a t  M. norvea ' ica  d isa p p e a r e d  from t h e  
Clyde dur ing  t h e  summer se a so n  and reappeared, about  
September but t h i s  h a s  p roved  wrong. P o p u l a t i o n s  are  
p r e s e n t  i n  t h e  n o r t h - e a s t  Arran a rea  throughout  t h e
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sunimer b u t ,  during some y e a r s ,  s t a t i o n s  a t  Sga t  M6r 
g iv e  v i r t u a l l y  n e g a t i v e  r e s u l t s .  They d isa p p e a r  
almost e n t i r e l y  from K ilbrannan  oound and t h e  e a s t  
coast  o f  Arran and a r e  r a r e l y  found i n  th e  deep water  
between Bute  and th e  Cumbraes during  A p r i l  and Hay.
During t h e  p e r i o d  June to  September, e s p e c i a l l y  th e  
l a t t e r  p a r t  o f  i t ,  spec im ens  o f  H. norveççica  are  found  
.■■11 over  t h e  C lyde.  Very few p l a c e s  o f  more than  
l^A m. depth were found t o  be w i t h o u t  them and th e y  
vere  o f t e n  f i s h e d  from dep th s  as  s h a l lo w  a s  80 m.
The p o p u l a t i o n ,  t h e r e f o r e ,  seems t o  d i s p e r s e  i n  
f n u l a t e  summer but owing to  t h e  n e g a t i v e  p h o t o t r o p ism  
of  t h e  i n d i v i d u a l s ,  t h e  d i s p e r s a l  i s  d i r e c t i o n a l  a long  
the deeper  c h a n n e l s .  C o n seq u e n t ly ,  t h e  numbers at  
agat Ilôr, IT. T a r b e r t ,  and h .  and h .  Arran i n c r e a s e  w h i l e  
l i t t l e  i n c r e a s e  i s  found in  a'^eas which a re  not  
a c c e s s i b l e  v i a  c h a n n e ls  of  deep w a ter  but h ave  t o  be  
reached  by c r o s s i n g  a s h a l lo w  b a r .  T h is  p r e v e n t s  
d i s p e r s a l  o f  a d u l t s  out  o f  th e  Clyde and, from the  
n o r t h - e a s t  Arr an a re a ,  even  i n t o  a r e a s  ^ c h  as Dunoon 
Basin  and Upper Loch Fyne.  A d u l t s  i n  t h e  deeper  p a r t s  
of t h e s e  l a t t e r  a r e a s  are  thought  t o  h ave  o r i g i n a t e d  
from e g g s  which  were spawned or l a r v a e  which were c a r r i e d  
t h e r e .
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L u m inescenco .
The g e n e r a l  problem o f  t h e  appearance  and 
d isap pearan ce  o f  e u p h a u s i - s  from c e r t a i n  a r e a s  h a s  
been m entioned  i n  th e  l i t e r a t u r e .  D e f i n i t e  c o n c l u s i o n s  
l a v e  been i m p o s s i b l e . o w i n g  to  th e  a r e a s  b e in g  o c e a n i c  
and t h e  sam pling  t e c h n i q u e s  t h u s  q u e s t i o n a b l e .  I n  t h e  
Clyde, however,  i t  has  b een  p o s s i b l e  t o  g a in  c o n f i r m a t i o n  
o± th e  f a c t  t h a t  t h e  t o t a l  numbers caught  i n  an a r e a  v a r y  
in  a c o n s ta n t  p a t t e r n .  T h is  p a t t e r n  i s  owing t o  t h e  
amount o f  swarming ta k in g  n l a c e  i n  th a t  a rea  at a r i v en 
I i^e.
The f o l l o w i n g  e x p e r im e n ts  were p la n n ed  b e c a u s e  i t  
vas n o t i c e d  t h a t  during t h e  m id -w in te r  p e r i o d  th e  an im als  
were lu m in e s c in g  v e r y  f r e e l y  when brought  up in  n e t s  a t  
sea during  t h e  n i g h t ,  w hereas  at o th e r  t im e s  o f  t h e  year  
they w ere c o m p a r a t iv e ly  q u i e s c e n t  and o n l y  lu m in e s c e d  
i f  s t im u l a t e d  m e c h a n ic a l l y  or c h e m i c a l l y .  An a t t e m p t ,  
t h e r e f o r e ,  was made to  show c o n c l u s i v e l y  t h a t  an annual  
rhythm o f  lu m in e s c e n c e  e x i s t s  and t h a t  f o r  t h e  g r e a t e r  
p art  of  t h e  y e a r  i t  s e r v e s  s o l e l y  a s  a d e f e n c e  mechanism.
These  e x p er im en ts  were s t a r t e d  i n  J u l y ,  1 9 5 7  and 
are s t i l l  c o n t in u in g  b u t  some r e l e v a n t  r e s u l t s  h ave  been  
o b ta in e d  and i t  seems, from t h e  e v i d e n c e  g a in e d  i n
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p r e c e e d i n g  y e a r s ,  j u s t i f i a b l e  t o  d e s c r i b e  t h e m .
T h e  o n l y  p r e v i o u s  m a r i n e  s t u d i e s  o f  t h i s  k i n d ,  
o t h e r  t h a n  a n n e l i d  s t u d i e s ,  w e r e  m a d e  b y  M o o r e  ( 1 9 0 9 )  
w h o  s h o w e d  a  ' ^ i u r n a l  p e r i o d i c i t y  i n  t h e  l u m i n e s c e n c e  
o f  c o p e p o d s ,  a n d  b y  C r o z i e r  ( 1 9 2 0 )  w h o  s h o w e d  r h y t h m s  
o f  l u m i n e s c e n c e  i n  b a l a n o g l o s s i d e .
T h e  a p p a r a t u s  u s e d  i n c o r p o r a t e d  a  9 1 3 A  p h o t o m u l t i p l i e r  
w i t h  p o w e r  p a c k  a n d  J . G .  a m p l i f i e r s .  T h i s  a p p a r a t u s  
w i l l  b e  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e .  T h e  w h o l e  w a s  
c o n n e c t e d  t o  a  p e n  r e c o r - ' e r  s o  t h a t  c o n t i n u o u s  r e c o r d s ,  
o v e r  li-o h o u r s ,  w e r e  o b t a i n e d .
T h e  p h o t o m u l t i p l i e r  w a s  h o u s e d  i n  a  s m a l l  l i g h t - p r o o f  
c u p b o a r d  w h e r e  t h e  s p e c i m e n s  w e r e  k e p t  i n  a  b r e f f i t .
D u r i n g  t h e  p e r i o d  J u l y  t o  O c t o b e r ,  m e a n s  o f  k e e p i n g  t h e  
b r e f f i t  c o o l  h a d  t o  b e  d e v i s e d  b u t  a f t e r  O c t o b e r  t h e  r o o m  
t e m p e r a t u r e  c o u l d  b e  k e p t  s u f f i c i e n t l y  l o w .  An  
o b s e r v a t i o n  w i n d o w  w a s  c o n s t r u c t e d  i n  t h e  d o o r  o f  t h e  
c u p b o a r d  s o  t h a t  t h e  a n i m a l s  c o u l d  b e  o b s e r v e d  w h i l e  
l u m i n e s c i n g  a n d ,  y e t ,  n o  l i g h t  r e a c h  t h e m  f r o m  o u t s i d e .
T h e  s p e c i m e n s  w e r e  p l a c e d  s i n g l y  i n  2 5 0  m l .  b e a k e r s  
w i t h  f i l t e r e d  s e a  w a t e r  a t  s e a  t e m p e r a t u r e  a n d  a l l o w e d  t o  
s t a n d  i n  a r t i f i c i a l  l i g h t  o r  d a ÿ l i g h t  f o r  a b o u t  2 0  m i n u t e s .  
T h e y  w e r e  t h e n  t r a n s f e r r e d  s i n g l y  t o  t h e  c u p b o a r d  a n d  t h e  
r e c o r d e r  s \ ; l t c h e d  o n .  D u r i n g  t h e  p e r i o d  J u l y  t o  A u g u s t ,
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7 5  t o  8Qv o f  t h e  s p e c i m e n s  l u m i n e s c e d  i m m e d i a t e l y  t h e y  
were p l a c e d  i n  d a r l u i e s s .  A f t e r  A u g u s t ,  t h i s  p e r c e n t a g e  
g r a d u a l l y  d e c r e a s e d  u n t i l  N o v e m b e r  w h e n  o n l y  1 0  t o  2 0 ^  
r e a c t e d  i n  t h i s  w a y .
ü l l  n i g h t  r e c o r d s  w e r e  m a d e  t h r o u g h o u t  t h e  e a r l y  
a u t u i m  b u t  n o  l u m i n e s c e n c e  w a s  d e t e c t e d  a f t e r  t h e  
i n i t i a l  b u r s t .  I n  t h e  s e c o n d  f o r t n i g h t  o f  N o v e m b e r ,  
h o w e v e r ,  f l a s h i n g  c o n t i n u e d  s t e n d i l y  a l l  n i g h t  a n d  
s i m i l a r  r e c o r d s  w e r e  o b t a i n e d  a b c u t  t h r e e  t i m e s  a  w e e k  
a n t i l  2 0 t h  J a n u a i ' y ,  1 9 5 8 .  G i n c e  t h e n  n o  s p e c i m e n s  
h a v e  l u m i n e s c e d  t h r o u g h o u t  t h e  n i g h t  i n  t h e  l a b o r a t o r y .
A  d i u r n a l  r h y t h m  o f  l u m i n e s c e n c e  t a k e s  p l a c e ,  
f l a s h i n g  s t a r t i n g  a t  s u n s e t ,  c o n t i n u i n g  t h r o u g h  t h e  n i g h t ,  
a n d  t e r m i n a t i n g  a t  d a w n .  No s p o n t a n e o u s  f l a s h i n g  h a s  
b e e n  o b s e r v e d  a f t e r  d a y l i g h t .  T h e  r e c o r d s  h a v e  n o t  y e t  
b e e n  f u l l y  a n a l y s ë d  b u t  t h e r e  a p p e a r  t o  b e  n o  d a w n  a n d  
d u s k  b u r s t s  o f  l u m i n e s c e n c e .  W a t e r  t e m p e r a t u r e  d o e s  
n o t  s e e m  t o  a l t e r  t h e  r h y t h m  i n  a n y  w a y ,  s o m e  r e c o r d s  
h a v i n g  b e e n  o b t a i n e d  a t  t e m p e r a t u r e s  a s  h i g h  a s  2 0 ° C .
D u r i n g  t h e  p e r i o d  w h e n  p o s i t i v e  r e c o r d s  o f  
s p e n t s u e o u s  f l a s h i n g  a t  n i g h t  w e r e  o b t a i n e d ,  o n l y  1 0  t o  
2 0 ,u o f  t h e  s p e c i m e n s  f l a s h e d  w h e n  t h e y  w e r e  t r a n s f e r r e d  
f r o m  t h e  l i g h t  i n t o  d a r k n e s s .  O n 1 5 t h  J a n u a r y ,  h o w e v e r ,  
t h i s  p e r c e n t a g e  h a d  r i s e n  t o  3 9 ;" ,  i n  t h e  f e m a l e s ,  a n d
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^8/J; in  t h e  m a le s .  By 20th  January ,  sp ontan eou s  
f l a s h i n g  dur ing  t h e  n i g h t  had c e a s e d .
Why t h e  p e r c e n t a g e  f l a s h i n g  when p l a c e d  in  th e  
dai'h sh o u ld  f a l l  as sp o n ta n eo u s  f l a s h i n g  s t a r t s  and
I
sh o u ld  r i s e  when sp o n ta n eo u s  f l a s h i n g  f a l l s  i s  n o t  
y e t  Imov/n.
I n  November, when t h e  c o n t in u o u s  r e c o r d s  o f  
lu m i n e s c e n c e  s t a r t e d ,  t h e  numbers caught i n  s e v e r a l  
d eep s  were i n c r e a s i n g .  T h is  s h o a l i n g  c o n t in u e d  u n t i l  
January  when th e  sperm atophores  were t r a n s f e r r e d  and 
lu m i n e s c e n c e  c e a s e d .  I t  w ould  seem, t h e r e f o r e ,  t h a t  
lu m i n e s c e n c e  s e r v e s  as  a s h o a l i n g  mechanism to  en su re  
e f f i c i e n t  t r a n s f e r  o f  th e  sperm atoph ores .
There appears  t o  be a c o n n e c t i o n  betw een  t h e  o n s e t  
o f  lu m i n e s c e n c e  and t h e  b e g in n i n g  o f  th e  developm ent  o f  
t h e  gonads,  but  f u r t h e r  work i s  r e q u i r e d  on t h i s  a s p e c t  
b e f o r e  any d e f i n i t e  c o n c l u s i o n s  can be s t a t e d .
The p e r io d  A p r i l  t o  June h a s  s t i l l  to  be 
i n v e s t i g a t e d  b e f o r e  any f u l l  d e s c r i p t i o n  o f  t h e  f u n c t i o n  
o f  t h e  p h o to p h o re s  can be p r e s e n t e d  and c o n s e q u e n t l y  t h e  
work i s  b e in g  c o n t in u e d .
X. Sumnary.
T h e  o b s e r v a t i o n s  o f  R a a b  ( 1 9 1 5 ) ,  o n  t h e  a n a t o m y  
a n d  h i s t o l o g y  o f  M ^ z a n v c t r o h a n e s  n o r v e z i c a  h a v e  b e e n  
c c n f i r m e d  a n d  e x t e n d e d .  T h e  m a l e  r e p r o d u c t i v e  s y s t e m  
was e x a m i n e d  a n d  a n  a c c o u n t  o f  t h e  f o r m a t i o n  o f  t h e  
s p e r m a t o p h o r e s  g i v e n .
I n  t h e  f e m a l e s ,  t h e  u t e r i n e  g l a n d s  a p p e a r  t o  b e  
d i v i d e d  i n t o  t w o  g r o u n s ;  t h e  f i r s t  i s  a s s o c i a t e d  w i t h  
t h e  p r o x i m a l  r e g i o n s  o f  t h e  o v i d u c t s ,  t h e  s e c o n d  w i t h  
t h e  g e n i t a l  o p e n i n g  a n d  s p e r m a t h e c a .
The c i r c u l a t o r y  system  was  i J i v e s t i g a t e d .  The 
b lo o d  i s  num.ped from t h e  h e a r t  t o  t h e  v a i i o u s  r e g i o n s  
of  t h e  body by way o f  a w e l l - d e v e l o p e d  a r t e r i a l  sy s tem .
I t  p a s s e s  o u t  o f  t h e  o p e n  e n d s  o f  t h e  f i n a l  s u b - b r a n c h  e s  
01 t h e  a r t e r i e s  i n t o  t h e  v a r i o u s  s i n u s e s ,  f i n a l l y  
c o l l e c t i n g  i n  t h e  p o s t e r i o r  v e n t r a l  r e g i o n  o f  t h e  t h o r a x .  
F r o m  t h e r e ,  b y  t h e  a c t i o n  o f  t h e  p e r i c a r d i u m  a n d  t h e  
m u s c l e s  a s s o c i a t e d  i . m t h  t h e  a f f e r e n t  b r a n c h i a l  c h a n n e l s ,  
i t  e n t e r s  t h e  a f f e r e n t  b r a n c h i a l  c h a n n e l s  w h e n c e  i t  
c i r c u l a t e s  t h r o u g h  t h e  b r a n c h i a l  v e i n s ,  p r e s e n t  i n  t h e  
b r a n c h i a e ,  t o  t h e  e f f e r e n t  b r a n c h i a l  c h a n n e l s .  T h e
b e a t i n g  o f  t h e  h e a r t  d r a w s  t h e  b l o o d  i n t o  t h e  
p e r i c a r d i u m  w h e n c e  i t  r e a c h e s  t h e  h e a r t  c a V i t y  b y  w a y  
o f  t w o  p a i r s  o f  o s t i a .
--:L9.3--
Wh e n  t h e  c o m p o u n d  e y e s  o f  M. n o r  v o m i c a  e n d  a  n u m b e r  
o f  d e c a p o d s  w e r e  e x a m i n e d  a  c o n s t a n t  g e n e r a l  p a t t e r n  o f  
b l o o d  v e s s e l s  w a s  f o u n d .
T h e  g r o w t h  r a t e s  o f  t h e  e g g  a n d  i t s  n u c l e u s  w i t h i n  
t h e  c v a i ’  ^ e r e  d e s c r i b e d .
T h e  e g g s ,  o n  e x t r u s i o n ,  \ 7 e r e  f o u n d  t o  h a v e  t w o  
m e m b r a n e s  o v e r  a n d  a b o v e  t h e  v i t e l l i n e  m e m b r a n e .  I t  i s
c o n c l u d e d  t h a t  t h e  i n n e r  m e m b r a n e  i s  c h i t i n o u s  a n d  t h e  
o u t e r  o n e  c u t i c u l a r  ( p r o t e i n ) .
L a r v a l  d e v e l o p m e n t  i n  t h e  C l y d e  s e a  a r e a  w a s  
i n v e s t i g a t e d  a n d  f o u n d  t o  b e  d i f f e r e n t  f r o m  t h a t  d e s c r i b e d  
b y  M a c d o n a l d .  A f e r "  n o t e s  o n  t h e  l a r v a l  e c o l o g y  a r e  
p r e s e n t  e d .
T h e  d e v e l o p m e n t  o f  t h e  l a r v a e  o f  t h e  T u p h a u s i a c e a  
w a s  c o n s i d e r e d  a n d  i t  w a s  c o n c l u d e d  t h a t  i t  c o u l d  b e  
d i v i d e d  i n t o  h p h a s e s .
. a n a l } s i s  o f  w i n t e r  a n d  su m m e r  v e r t i c a l  m i g r a t i o n s  
a r e  g i v e n  a n d  t h e  d i f f e r e n c e s  i n  b e h a v i o i o r  p o i n t e d  o u t .
A v e r t - i  c a l  l a y e r i n g  o f  s i z e  c l a s s e s ,  l a r g e r  s p e c i m e n s  
o c c u r r i n g  d e e p e r  t h - n  s m a l l e r  o n e s ,  i s  s h o w n  t o  e x i . s t  
d u r i n g  t h e  d a y  a n d  n i g h t ,  b u t  i s  m o r e  e v i d e n t  i n  t h e  
w i n t e r  t h a n  i n  t h e  s u m m e r .
L i g h t  i s  s h o w n  t o  b e  t h e  d o m i n a n t  p h y s i c a l  f a c t o r  
c o n t r o l l i n g  v e r t i c a l  m o v e m e n t s .
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F o u r  m e t h o d s  o f  f e e d i n g  a r e  d e s c r i b e d .  T h e  
s t o m a c h  c o n t e n t s  w e r e  e x a m i n e d  a n d  t h e  p r e s e n c e  o r  
a b s e n c e  o f  v a r i o u s  t y p e s  o f  f o o d s  i s  s h o w n  t o  b e  
c o r r e l a t e d  w i t h  t h e  s i z e  o f  t h e  f e e d i n g  a n i m a l s  a n d  
t h e  t i m e  o f  da}% T h e  p r e s e n c e  o f  c r u s t a c e a n  c o m p o u n d  
e y e s  i s  n o t e d .
T h e  r e l a t i o n s h i p  o f  c a r a p a c e  l e n g t h  t o  t o t a l  l e n g t h  
w a s  f o u n d  t o  d e p e n d  o n  t h e  s t a t e  o f  m a t u r i t y  o f  
Vi. n o r v e z i c a .
M. n o r v e ^ i c a  m a t u r e s  * t^ t h e  a g e  o f  1  y e a r  h a v i n g  
a t t a i n e d  a  l e n ' ^ t h  o f  a b o \ ^ t  2 5  mm. T r a n s f e r e n c e  o f  t h e  
s n e r m a t o p h o r e s  t a k e s  n l r c e  i n  J a n u a r y - F e b r u a r y  a n d  t h e  
e g g s  a r e  l a i d  i n  M a r c h - A p r  i l .  T h e  l a r v a e  t a k e  a b o u t  
2 - 3  m o n t h s  t o  d e v e l o p  i n t o  a d o l e s c e n t  a n i m a l s .  L i t t l e  
g r o i f t h  i n  s i z e  t a J z e s  p l a c e  i n  t h e  w i n t e r  w h e n  t h e  g o n a d s  
a r e  m a t u r i n g .
I t  m a y  r e a c h  a n  a g e  o f  2 §  t o  3  y e a r s  b u t  m o s t  o f  
t h e  p o p u l a t i o n . ,  o n l y  s u r v i v e  t o  a n  a g e  o f  1-^ - t o  2  y e a r s .
T h e  d i s t r i b u t i o n  w i t h i n  t h e  C l y d e  s e a  a r e a  t h r o u g h o u t  
T i e  s u m m e r  a n d  w i n t e r  i s  d e s c r i b e d  a n d  i t  i s  c o n c l u d e d  t h a t  
t h e  a r e a  m u s t  b e  a n  e x t r e m e l y  f a v o u r a b l e  h a b i t a t  f o r  t h e  
s p e c i e s .
M o s t  o f  t h e  p o p u l a t i o n  w a s  f o u n d  t o  m o v e  t o  t h e  
n o r t h - e a s t  ^ r r a n  a r e a  f o r  e g g  l a y i n g  a n d  t h i s  m o v e m e n t  i s
-195-
thought to be r e la t e d  to  th e  shoreward m igration  of 
’ slope* p op u la tion s  of t h i s  s p e c ie s .
A swarming was shown to take n la c e  p r io r  to  
spermatophore tr a n s fe r  and ev idence i s  p resented  to  the  
e f f e c t  th a t  lum inescence i s  the mechanism th a t  b r in g s  
t h i s  about.
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